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U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Washington,  D.  C,  April  <20,  1900. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  report  of  investiga- 
tions on  the  nutrition  of  man,  conducted  at  the  Agricultural  Experi- 
ment Station  of  the  University  of  California  in  1896-1898,  by  M.  E. 
Jaffa,  M.  S.,  assistant  professor  of  agriculture  of  the  University  of 
California.  These  investigations  form  a  part  of  the  studies  on  the 
nutrition  of  man  conducted  in  different  regions  of  the  United  States 
under  the  supervision  of  Prof.  W.  O.  Atwater,  special  agent  in  charge 
of  nutrition  investigations,  in  accordance  with  instructions  given  by 
the  Director  of  this  Office,  and  are  the  first  of  a  series  undertaken  in 
cooperation  with  the  University  of  California. 

In  connection  •  with  Professor  J affa's  investigations  a  number  of 
analyses  of  food  materials  were  made.  Dietary  studies  were  con- 
ducted with  a  football  team  and  with  a  chemist's  family  and  a  number 
of  dietary  studies  and  digestion  experiments  were  made  with  infants. 
In  one  instance  the  metabolism  of  nitrogen  of  an  infant  was  also  stud- 
ied. It  is  believed  that  such  investigations  are  especially  necessary  to 
aid  in  fixing  upon  dietary  standards  and  the  proper  factors  to  be  used 
in  computing  the  amounts  eaten  by  persons  of  different  ages  as  com- 
pared with  an  adult  man. 

In  conducting  his  investigations  Professor  Jaffa  was  aided  in  the 
analytical  work  by  G.  E.  Colby,  and  in  computing  the  results  by 
F.  J.  Snow,  both  of  the  University  of  California.  The  work  of  edit- 
ing was  largely  done  by  R.  D.  Milner,  of  this  Office.  The  report  is 
transmitted  with  the  recommendation  that  it  be  published  as  Bulletin 
No.  84  of  this  Office. 

Respectfully,  A.  C.  True, 

Director. 

Hon.  James  Wilson 

Secretary  of  Agriculture. 
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NUTRITION  INVESTIGATIONS  IN  CALIFORNIA. 


INTRODUCTION. 

The  study  of  food  habits  of  the  people  of  different  regions  and  liv- 
ing under  different  climatic  conditions  is  a  subject  of  considerable 
interest.  It  is  well  known  that  those  living  in  warm  regions  consume 
different  kinds  of  food  from  those  in  cold  regions,  and  it  is  quite  gen- 
erally believed  that  the  amount  and  proportion  of  the  nutrients  in  the 
dietary  differ  also.  The  definite  information  which  is  available  on 
this  subject  is,- however,  not  very  great,  Dietary  studies  have  been 
made  of  Malays  and  Europeans 1  in  Java,  and  of  the  natives  in  Abys- 
sinia,2 India,3  the  island  of  Guadeloupe,4  and  other  warm  regions. 
Numerous  dietary  studies  have  been  made  of  persons  in  temperate 
regions.3  In  general  it  may  be  said  that  many  of  the  foreign  studies 
are  hardly  comparable  with  dietary  studies  made  in  the  United  States, 
since,  the  food  habits  of  the  people  of  the  different  countries  differ  so 
widely. 

The  greater  number  of  dietary  studies  in  the  United  States  have 
been  made  in  the  northern  portion  of  the  country  east  of  the  Missis- 
sippi River.  Several  studies,  however,  have  been  reported  from  Vir- 
ginia, Tennessee,  New  Mexico,  and  a  number  from  Alabama.  Cali- 
fornia possesses  climatic  and  other  conditions  which  differ  materially 
from  those  of  any  of  these  regions.  Therefore  it  seemed  desirable  to 
make  at  least  a  beginning  in  the  study  of  the  food  habits  of  a  number 
of  individuals  or  groups  in  that  State.  During  the  years  1896-1898 
the  California  Experiment  Station,  in  cooperation  with  the  United 
States  Department  of  Agriculture,  conducted  a  series  of  investiga- 
tions on  the  food  and  nutrition  of  man.  These  investigations  include 
a  considerable  number  of  analyses  of  food  materials,  two  dietary 
studies  of  adults  (one  with  the  family  of  a  chemist,  the  other  with  a 

^ijkmann,  Arch.  Path.  Anat.  u.  Physiol.  Virchow,  131  (1893),  p.  170. 

2  Lapicque  and  Marette,  Compt.  Rend.  Soc.  Biol.  Paris,  10.  ser.  (1894),  I,  p.  274. 

3A.H.  Church,  Food  Grains  of  India.  London,  1886.  Raymond,  Ann.  Rpt.  Civ. 
Vet.  Dept.  Bengal  (1897-98),  Append.,  21-22,  p.  14. 

*Maurel,  Les  Guyanes.    Dictionaire  Encyclopedique,  Dechambre. 

5  See  summary  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  21.  For  other 
bulletins  see  list  on  pp.  2,  3  of  cover. 
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football  team),  four  dietary  studies  of  infants,  one  digestion  experi- 
ment with  an  infant,  and  a  metabolism  experiment  with  an  infant  in 
which  the  balance  of  income  and  outgo  of  nitrogen  was  determined. 
The  results  of  these  are  given  in  detail  in  this  bulletin. 

FUNCTIONS  OF  FOOD. 

It  is  well  known  that  the  young  body,  human  or  animal,  requires 
food  to  supply  the  material  necessary  for  its  growth.  But  beyond 
this,  during  and  past  the  growing  stage,  there  is  a  current  wearing 
out  and  breaking  down  of  all  the  various  tissues  of  the  body.  This 
loss  must  be  supplied  in  order  to  keep  the  animal  in  a  normal,  healthy 
condition.  Not  only  must  the  worn-out  tissue  be  replaced,  but"  the 
material  used  for  carrying  on  all  voluntary  and  involuntary  functions 
involving  the  expenditure  of  energy  must  also  be  supplied.  A  man 
who  is  doing  hard  physical  work  is  using  up  a  great  deal  of  food 
material  or  body  tissue,  or  both.  A  man  who  is  making  no  voluntary 
exertion  also  requires  material  supplied  by  food  or  ^tissue  for  the  con- 
stant production  of  the  heat  necessary  for  the  maintenance  of  the 
normal  body  temperature,  and  also  for  the  performance  of  all  the 
involuntary  functions  of  the  body.  Hence  we  might  summarize  the 
uses  of  food  in  the  body  as  follows: 

(1)  To  build  up  and  maintain  the  body  in  its  normal  condition. 

(2)  To  serve  as  a  fuel  supply  to  be  consumed  in  the  body,  producing 
the  energy  (muscular  or  otherwise)  necessary  for  the  performance  of 
internal  and  external  work  and  for  maintaining  the  body  temperature. 

(3)  To  protect  tissue  from  consumption. 

(4)  To  be  stored  for  future  use. 

The  functions  of  the  food  and  the  characteristics  and  uses  of  the 
different  nutrients  have  been  discussed  at  length  in  previous  bulletins 
of  the  Office  of  Experiment  Stations.1  All  foods  consist  of  a  com- 
paratively small  number  of  constituents,  chiefly  protein  or  nitrog- 
enous matter,  fat,  carbohydrates,  ash  or  mineral  matter,  and  water. 
These  in  turn  are  made  up  of  a  small  number  of  chemical  elements. 
The  elements  and  constituents  are  the  same  as  those  occurring  in  the 
animal  body;  that  is,  the  body  is  dependent  for  development  and 
maintenance  upon  the  food  supplied  to  it. 

ANALYSIS  OF  FOOD  MATERIALS. 

In  consideration  of  the  uses  which  the  body  makes  of  food,  as  sug- 
gested in  the  preceding  paragraphs,  it  is  plain  that  knowledge  of  the 
nutritive  value  of  any  food  material  depends  very  largely  upon  chem- 
ical analysis.    It  is  commonly  believed  that  the  agricultural  products 

1U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  21,  29,  31,  32,  35,  37,  38,  and 
40;  see  also  California  Sta.  Bui.  110. 
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of  one  region  differ  in  quality  from  those  of  another.  Whether  these 
differences  are  great  enough  to  affect  the  nutritive  value  of  the  prod- 
ucts is  a  matter  upon  which  more  definite  information  is  desirable. 
The  analyses  of  food  products  grown  in  different  regions,  therefore,  is 
a  matter  of  considerable  interest,  and  the  determination  of  the  com- 
position of  foods  forms  an  important  part  of  nutrition  investigations, 
although  it  is  well  known  that  certain  differences,  for  instance,  in  the 
flavor  of  a  particular  fruit  would  not  be  shown  by  the  ordinary  food 
analysis. 

In  a  recent  publication  of  the  Office  of  Experiment  Stations1  the 
composition  of  a  number  of  vegetable  food  materials  on  sale  in  the 
Chinese  quarter  of  San  Francisco  was  reported.  The  California 
Station 2  has  also  published  the  results  of  many  analyses  of  California 
fruits  and  nuts,  cereals,  dairy  products,  etc. 

Ninety-six  analyses  were  made  in  the  investigations  here  reported, 
many  of  which  were  of  materials  used  in  the  dietary  studies  and 
sampled  in  that  connection,  while  others  were  of  various  food  materi- 
als, mainly  of  California  production.  The  methods  followed  were 
those  adopted  by  the  Association  of  Official  Agricultural  Chemists.3 
The  results  of  these  analyses  are  given  in  the  tables  which  follow. 
Table  1  shows  the  composition,  44  as  purchased,"  of  such  of  the  materials 
as  contain  inedible  matter.  Table  2  shows  the  composition  of  the 
edible  portion  of  the  fresh  material. 

DESCRIPTION  OF  SAMPLES. 

The  following  is  a  brief  description  of  the  samples  analyzed: 

No.  1.  Beef,  porterhouse  steak. — Sampled  and  analyzed  in  connection  with  dietary- 
No.  268. 

No.  2.  Beef,  rib  roast. — Sampled  and  analyzed  in  connection  with  dietary  No.  268. 

No.  97.  Scraped  beef. — Analyzed  in  connection  with  dietary  of  infant  No.  271. 
One-half  pound  of  lean  beef  was  used  in  order  to  obtain  about  2  ounces  of  scraped 
beef. 

No.  6.  Canned  corned  beef.—  California  brands  put  up  in  San  Francisco.  Sampled 
in  connection  with  dietary  studies. 
No.  14.  Soup. — Sampled  in  connection  with  dietary  studies. 
No.  15.  Bouillon. — Sampled  in  connection  with  dietary  studies. 
No.  65.  Beef  juice. — Sampled  in  connection  with  dietary  studies. 
No.  4-  Lamb  chops. — Taken  from  the  rib. 
No,  16.  Canned  oysters. — "Cove"  brand. 

Nos.  7-13.  Eggs. — These  samples  were  analyzed  at  the  request  of  the  California 
State  Poultry  Association.  The  object  of  the  analyses  was  to  discover  if  there  is  any 
ground  for  the  notion  that  brown-shelled  eggs  are  richer  food  than  white-shelled 
eggs.4   The  varieties  representing  the  brown-shelled  eggs  were  Cochin,  Brahma, 

1U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  68. 
8  California  Sta.  Rpts.  1892-1894,  1895-1897. 
3U.  S.  Dept.  Agr.,  Division  of  Chemistry  Bui.  46,  revised. 
4  California  Sta.  Rpts.  1895-96,  1896-97,  pp.  120-124. 
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j^angshan,  Wyandotte,  and  Plymouth  Rock.  The  white-shelled  varieties  were  Leg- 
horn and  Minorca.  Chemical  analysis  and  physical  examination  both  seem  to  show 
that  if  there  is  any  superiority  the  white-shelled  varieties  are  slightly  the  better. 
But  the  differences  between  the  varieties  are  exceeded  by  variations  in  different 
samples  of  the  same  variety.  So  far  as  nutritive  value  is  concerned,  then,  there  is 
practically  no  difference  between  the  white-shelled  and  the  brown-shelled  eggs. 

No.  18.  Butter. — An  average  of  12  analyses  of  California  creamery  butter. 

No.  83.  Cream. — Sampled  m  connection  with  dietary  studies  of  infants. 

Nos.  17, 81, 82.  Milk. — Sampled  in  connection  with  dietary  studies  of  infants. 

No.  22.  Barley. — Sampled  in  connection  with  dietary  studies. 

No.  23.  Buckwheat. — Sampled  in  connection  with  dietary  studies. 

No.  76.  Corn  meal. — Sampled  in  connection  with  dietary  studies. 

No.  78.  Rice. — Sampled  in  connection  with  dietary  studies. 

No.  98.  Prepared  barley  meal. — Sampled  in  connection  with  dietary  study  No.  270. 
This  sample  contained  an  exceptionally  large  amount  of  water,  but  it  was  analyzed 
in  the  same  condition  as  it  was  used  in  the  dietary. 

Nos.  26-29,  79,  80.  Oatmeal'  oatmeal  water,  etc. — Sampled  in  connection  with  dietary 
studies.  Nos.  26  and  79  represent  the  raw  oatmeal,  Nos.  27  and  80  represent  the 
material  held  in  solution  or  suspension  when  oatmeal  is  added  to  cold  water,  while 
No.  28  is  the  residue  from  the  preparation  of  oatmeal  water.  No.  29  was  oatmeal 
gruel,  made  by  adding  milk  to  strained  boiled  oatmeal. 

No.  75.  Pancake  flour. — This  is  one  of  the  trade  preparations  which  contain  leav- 
ening material. 

No.  31.  Calif ornia  fine  flour. — Average  of  three  analyses.1  Compared  with  analy- 
ses of  Eastern  flours  of  the  same  quality,  the  California  flours  appear  to  be  somewhat 
lacking  in  protein. 

Nos.  33-35,  71.  Flour. — Nos.  33-35  were  so-called  gluten  flour;  No.  71  a  so-called 
Graham  flour.  These  flours  (a  lower  grade  than  the  preceding)  are  supposed  to  con- 
tain more  than  the  ordinary  amounts  of  the  nitrogenous  compounds,  such  as  gluten, 
which  are  found  in  the  wheat  grain,  but  which  are  in  part  removed  in  the  manufac- 
ture of  white  flour  by  patent  milling  processes.  These  flours  differ  among  them- 
selves in  regard  to  the  amount  of  protein  contained,  but  all  are  decidedly  richer  in  this 
constituent  than  the  fine  flour  No.  31. 

Nos.  24,  25,  70,  72-74,  88.  Wheat  breakfast  foods.—  Sampled  in  connection  with 
dietary  studies.  It  will  be  noted  that  there  is  no  great  difference  in  the  composition  of 
the  various  brands;  indeed,  there  is  frequently  more  variation  between  different 
samples  of  the  same  brand  than  between  different  brands. 

Nos.  36-44-  Bread  of  various  kinds. — Sampled  in  connection  with  dietary  studies 
reported  herewith.  Compared  with  bread  analyzed  elsewhere,  it  appears  that  the 
protein  content  of  the  California  samples  is  considerably  lower  than  the  average. 
This  accords  with  facts  noticed  concerning  the  California  flours.  Nos.  39  and  40, 
designated  ' '  Pure  gluten  bread, ' '  are  evidently  misnamed  or  were  made  from  a  poor 
grade  of  gluten  flour,  as  they  are  somewhat  deficient  in  protein  for  gluten  breads. 

No.  45.  White  bread,  toasted. — Sampled  in  connection  with  dietary  study  No.  268. 

No.  46.  Brown  bread,  toasted. — Sampled  in  connection  with  dietary  study  No.  268. 

No.  47.  Crackers. — These  were  "soda  crackers,"  and  were  sampled  in  connection 
with  dietary  study  No.  268. 

No.  87.  Lady  fingers. — Sampled  in  connection  with  dietary  No.  270. 

Nos.  61, 62.  California  honey. — From  hives  at  Berkeley. 

No.  77.  Sago. — This  was  the  ordinary  commercial  article. 

No.  49.  Dried  white  beans. — Sampled  in  connection  with  the  dietary  studies. 
.  No.  48.  Split  peas. — Sampled  in  connection  with  the  dietary  studies. 


1  California  Sta.  Bpt.  1892-1894. 
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Nos.  50-52, 69.  Fresh  vegetables. — Sampled  in  connection  with  the  dietary  studies. 

Nos.  66-68.  Desiccated  vegetables. — Used  considerably  on  the  Pacific  coast,  espe- 
cially since  the  emigration  to  the  Klondike  region  began.  There  are  both  bleached 
and  unbleached  varieties.  The  sample  of  bleached  potatoes  contained  0.25  per  cent 
sulphuric  acid.  Sample  No.  67,  a  California  product,  and  No.  68,  an  Eastern  prod- 
uct, vary  but  slightly  in  composition.  Desiccation  apparently  causes  no  important 
loss  of  nutritive  ingredients,  but  simply  removes  the  water. 

Nos.  54,55.  Canned  tomatoes. — No.  54  represents  a  "  concentrated"  brand;  that  is, 
a  sort  containing  less  than  the  usual  amount  of  juice. 

Nos.  57,  90-94-  Fresh  fruits.— These  analyses  are  interesting  in  showing  the  small 
percentage  of  nitrogenous  material  in  fresh  fruit, 

No.  96.  Prune  pulp. — Sweetened  with  cane  sugar,  which  accounts  for  high  per- 
centage of  carbohydrates.    Used  in  the  dietary  of  an  infant  No.  271. 

No.  95.  Raspberry  juice. — Sweetened  with  cane  sugar.  Used  in  the  dietary  of  an 
infant  No.  271. 

No.  56.  Olives. — These  were  ripe  olives  pickled. 

Nos.  54, 55, 58-60.  Canned  fruits. — Grown  in  California  and  canned  in  San  Fran- 
cisco.   Sampled  in  connection  with  the  dietary  studies. 

No.  63.  Porter. — Sampled  in  connection  with  dietary  study  No.  268.  It  was  found 
to  contain  7.3  per  cent  alcohol. 

No.  64.  Calf  s-foot  jelly. — Sampled  in  connection  with  dietary  study  No.  268. 

Nos.  24, 84, 85, 86.  Prepared  foods  for  infants  and  invalids. — Sampled  in  Connection 
with  the  dietary  studies  of  infants.  No.  86  is  called  a  "nature-made  food."  It 
appears  to  be  deficient  in  protein,  hence  some  form  of  nitrogenous  food  must  be 
used  in  connection  with  it. 


Table  1. — Composition,  ilas  purchased,"  of  such  food  materials  as  contain  inedible 

matter. 


Protein. 

Food  materials. 

Ref- 
er- 
ence 
No. 

Re- 
fuse. 

Wa- 
ter. 

N  x 
6.25. 

By 
dif- 
fer- 

Fat. 

Carbo- 
hy- 
drates. 

Ash. 

Fuel 
value 
per 
pound. 

ence. 

ANIMAL  FOOD. 

Beef: 

Perct. 

Perct. 

Perct. 

Perct. 

Perct 

Per  ct. 

Perct. 

Calories. 

Loin,  porterhouse  steak  

1 

20.0 

47.8 

17.0 

16.7 

14.7 

0.8 

935 

Rib  roast  

3 

22.0 

40.3 

10.5 

10.4 

26.8 

.5 

1,325 

Lamb  chops  

4 

18.0 

41.0 

15.3 

15.5 

24.8 

.7 

1,330 

Eggs:  White  and  brown  shelled  com- 

13 

10.8 

65.5 

11.9 

11.9 

11.0 

.8 

685 

VEGETABLE  FOOD. 

50 

15.0 

61.8 

1.8 

.1 

20.7 

.6 

425 

Fruits: 

57 
56 

25.0 

66.2 

.4 

.8 

7.5 

.1 

175 

19.0 

52.4 

1.3 

21.0 

3.5 

2.8 

975 
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Table  2. — Composition  of  food  materials  in  fresh,  edible  portion. 


Food  materials. 


Ref- 
er- 
ence 
No. 


Wit- 
ter. 


Protein. 


Nx 
6.25. 


By 
dif- 
fer- 
ence. 


Carbo- 

hy- 
drates. 


Ash. 


ANIMAL  FOOD. 

Beef: 

Loin,  porterhouse  steak  

Rib  roast  

Scraped  

Corned,  canned  

Soup  

Beet,  juice  

Bouillon  

Calf 's-foot  jelly  

Lamb  chops  

Fish:  Oysters,  canned  

Eggs: 

Brown-shelled,  whites  only  

Brown-shelled,  yolks  only  

Brown-shelled,  yolks  and  whites  combined 

White-shelled,  whites  only  

White-shelled,  yolks  only  

White-shelled,  yolks  and  whites  combined 

White  and  brown  shelled  combined  

Butter  

Cheese: 

Cheddar   

California  flat  

Oregon  Cream  

Milk: 

Milk  

Do  

Milk,  top  

Cream  


VEGETABLE  FOOD. 

Cereals: 

Barley,  pearl  

Barley,  prepared  meal  , 

Buckwheat  

Corn  meal  

Oatmeal  

Oatmeal  gruel  

Oatmeal  water  

Do  

Average  

Oatmeal  residue  

Oats  rolled  

Rice  

Wheats- 
Farina  

Germea  

"  Mother's  mush  "  

Rolled  

Shredded  biscuit  

Wheatina  

Wheatine  

Flour,  Graham  

Flour,  gluten  

Do  

Do  

Average  gluten  

Flour,  pancake  

Flour,  white  

Flour,  whole  wheat  

Bread,  French  milk  

Bread,  German  milk  

Do  

Bread,  homemade  

Average  

Bread,  gluten  

Bread,  pure  gluten  

Do  

Average  

Bread,  Graham  

Bread,  whole  wheat . . . 
Bread,  brown  toasted  . . 
Bread,  white  toasted. . . 

Crackers  

Lady  fingers  

Sugars,  starches,  etc.: 

Tapioca  pudding  

Sago  


Per  ct. 

3 

51.7 

1 

59.8 

97 

69.9 

G 

52.8 

65 

92  3 

14 

93.0 

15 

96.7 

64 

77.6 

4 

50.0 

16 

78.1 

11 

86.6 

10 

49.6 

12 

68.1 

8 

86.4 

7 

49.8 

9 

68.1 

13 

68.1 

18 

11.0 

19 

25.8 

20 

34.0 

21 

29.5 

17 

87.0 

81 

87.5 

82 

78.5 

83 

70.4 

77 


12.9 
18.0 
13.1 
12.6 
10.4 
87.5 
98.1 
94.0 
96.1 
8.6 
10.4 
12.2 

6.1 
11.1 
12.0 
11.7 
10.7 
11.4 
11.4 

9.9 
12.2 
11.9 
11.6 
11.9 
13.0 
13.6 
11.7 
27.5 
36.5 
35.0 
32.0 
32.8 
37.5 
41.3 
37.0 
38.6 
36.0 
34.0 
21.5 
26.5 

3.1 
10.5 

39.8 
13.8 


Perct. 
13.5 
21.2 
25.9 
23.9 
6.4 
5.1 
2.6 
4.3 
18.6 
13.0 

12.0 
15.6 
13.8 
12.1 
15.5 
13.8 
13.8 


27.6 
24.3 
23.7 

3.2 
3.3 
3.0 
3.0 


7.0 
8.0 
10.4 
9.2 
13.7 
1.6 
.4 
.9 
.6 
12.0 
13.6 
9.0 

11.0 
12.0 
12.3 
9.4 
11.4 
12.2 
11.5 
11.4 
15.0 
14.4 
12.8 
14.1 
8.6 
7.9 
12.2 
11.7 
9.3 
9.8 
7.7 
9.6 
9.4 
8.6 
8.2 
8.7 
8.2 
8.6 
10.6 
11.1 
12.1 
10.5 


Perct. 
13.3 
20.9 
25.8 
23.7 
6.2 
4.9 


18.9 


12.7 
15.9 
13.2 
12.7 
15.8 
14.2 
13.7 
1.2 


Perct. 
34.3 
18.3 
3.1 
19.6 
.3 
.6 
.2 


30.2 
3.4 

.2 
33.5 
17.9 

.3 
33.3 
16.8 
17.3 
84.6 

37.8 
33.4 
38.5 

4.1 
3.5 
14.0 
22.0 


1.5 
1.5 
2.1 
1.0 
6.7 
.5 
.1 
.1 
.1 
3.5 
6.5 
.4 

3.8 
2.4 
2.5 
1.3 
1.5 
2.1 
1.5 
2.0 
1.7 
2.5 
1.9 
2.0 
2.2 
1.4 
1.9 


2.8 

1.3  | 


1.6 
.8 
1.1 


1.4 


7.6 


Perct. 


0.1 
17.4 


3.6 


4.8 
4.5 
3.4 

5.0 
5.0 
4.0 
4.0 


78.0 
70.0 
72.8 
75.9 
67.6 
9.6 
1.3 
4.5 
2.9 
74.5 
67.9 
78.1 

78.5 
73.1 
71.6 
76.1 
75.0 
73.3 
74.0 
74.8 
70.2 
69.9 
72.8 
71.0 
71.8 
76.6 
73.6 
59.2 
52.1 
52.4 
58.0 
55.4 
51.2 
48.1 
53.0 
50.8 
53.0 
55.2 
65.5 
69.5 
73.7 
70.8 

24.6 
84.0 


Per  ct. 
0.7 
1.0 
1.2 
3.9 
1.2 
1.5 
.4 
.7 


.5 
1.0 
.8 
.6 
1.1 
.9 
.9 
3.2 

4.0 
3.8 
4.9 


.6 
2.5 
1.6 
1.3 
1.6 
.8 
.1 
.5 
.3 
1.4 
1.6 
.3 

.6 
1.4 
1.6 
1.5 
1.4 
1.0 
1.6 
1.9 

.9 
1.3 

.9 
1.0 
4.4 

.6 


1. 

1. 
1. 
1. 
1. 
1. 
2.0 
1. 
.6 
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Table  2. — Composition  of  food  materials  in  fresh,  edible  portion — Continued. 


Food  materials. 


Ref- 
er- 
ence 
No. 


Wa- 
ter. 


Protein. 


N  x 
6.25. 


By 
dif- 
fer- 
ence, 


Fat. 


Carbo- 

hy- 
drates. 


Ash. 


Fuel 
value 
per 
pound. 


vegetable  food — continued. 

Sugars,  starches,  etc. — continued. 

Honey,  dark,  strained  

Honey,  light  

Vegetables: 

Beans,  white,  dried  

Carrots  

Cauliflower  

Peas,  split,  dried  

Potatoes  

Potatoes,  evaporated  (California) . 

Potatoes, evaporated  (Eastern)  ... 

Potatoes,  sliced,  unbleached  

Succotash  

Tomatoes,  canned  

Tomatoes,  canned  (concentrated) . 

Turnips,  cooked  

Fruits: 

Apples  

Apricots,  canned  

Bananas   

Blackberries  

Currants  

Olives,  ripe,  pickled  

Peaches,  canned  

Pears,  canned  

Prune  pulp  

Raspberries  

Raspberry  juice  

Strawberries  

UNCLASSIFIED  FOOD. 

Porter  

"Mellin's  food"  

"Malted  milk"  

"  Taroena"  

TABLE  AND  KITCHEN  WASTE. 

Beef,  loin  steak  

Lamb  chops  


Perct.\Perct, 
20.5  1.0 
18.2 


12.8 
3.5 
93.8 
11.8 
72.7 
8.7 
4.8 
7.9 
76.3 
93.5 


88.4 
81.4 
81.6 
86.6 
85.0 
64.7 
80.4 
83.6 
70.0 
86.4 
49.3 
89.1 


86.3 
6.2 
4.4 

12.3 


32.2 
50.0 


23.8 
7.7 
1.9 

25.9 
2.1 
8.7 
9.5 
7.3 
3.9 
1.1 
1.7 
1.1 


1.5 
1.5 
1.5 
1.7 
.9 
.5 
1.0 
1.5 
.5 
1.0 


12.4 
14.7 
2.0 


16.7 
16.5 


Perct. 


2.2 

3.6 
.2 

1.8 
.1 
.4 
.4 
.4 

1.7 
.2 
.2 

3.1 

1.0 


25.9 
...... 


3.7 
4.0 
.4 


50.5 
32.6 


Per  ct. 
78.3 


57.3 
80.3 
3.5 
57.8 
24.4 
79.5 
82.2 
80.8 
17.7 
4.4 
8.1 
4.8 


17.3 
16.3 
11.4 
12.8 

4.3 
18.4 
15.6 
28.5 
11.7 
49.9 

9.5 


a  17. 5 
75.2 


84.2 


Perct, 
0.2 
.2 


2.7 
.7 
2.7 
3.1 
3.6 
.4 
.8 
1.2 
1.4 

.2 
.4 
.6 
.5 
.7 
3.1 
.3 
.3 
.4 
.4 


.4 
2.5 
3.0 
1.1 


Calories. 
1,475 
1,520 

1,600 
1,790 
110 
1,635 
495 
1,660 
1, 725 
1, 655 
475 
110 
190 
240 

235 
340 
330 
240 
265 
1,205 
360 
300 
555 
245 
935 
195 


245 
1,785 
1,815 
1,620 


2,440 
1,680 


a  This  includes  5.1  per  cent  carbohydrates,  and  1A 
12.4  per  cent  carbohydrates. 


per  cent  alcohol  calculated  as  isodynamic  with 


THE  DIETARY  STUDIES. 


The  purpose  of  dietar}r  studies  is  to  obtain  information  regarding 
the  condition  of  living,  and  especially  concerning  the  amounts  and  the 
hygienic  and  pecuniary  economy  of  the  food  consumed  by  different 
classes  under  varying  circumstances  in  different  parts  of  the  country. 
The  data  sought  often  include  the  income  of  the  group  of  persons 
under  observation,  the  outlay  for  rent  and  food,  but  more  particularly 
the  kind,  quality,  and  quantity  of  the  food  consumed.  From  these 
data  it  is  possible,  by  comparison  with  recognized  standards,  to  judge 
whether  the  persons  studied  were  properly  nourished,  and  whether 
they  were  wise  in  their  selection  and  purchase  of  food;  and  it  is  also 
possible,  in  many  instances,  to  show  wherein  a  different  selection 
would  have  furnished  a  more  nutritious  diet  for  the  same  expenditure, 
or  one  equally  nutritious  for  less. 


14 


The  plan  followed  in  the  dietary  studies  in  California  was  the  same 
as  that  described  in  previous  publications  of  the  Office  of  Experiment 
Stations.1  Briefly  stated,  it  consisted  in  keeping  a  record  of  all  the 
food  consumed  during  the  study  and  the  number  of  meals  eaten  by 
each  person  included  in  the  family  or  group  studied.  From  the  quan- 
tity of  the  different  foods  eaten  the  amounts  of  nutrients  consumed 
were  calculated,  and  their  value  reduced  to  the  amount  for  one  man 
for  one  day. 

By  comparing  the  results  of  dietary  studies  and  of  experiments  upon 
the  physiological  demands  of  the  body  as  studied  by  means  of  metab- 
olism experiments,  and  in  other  ways,  investigators  have  endeav- 
ored to  establish  dietary  standards  based  in  part  upon  the  observed 
facts  of  consumption  and  in  part  upon  physiological  data.  In  general, 
the  amounts  of  nutrients  consumed  by  a  man  at  ordinary  muscular 
labor  are  less  than  would  satisfy  a  man  at  severe  work,  and  more  than 
are  required  by  a  man  at  very  light  work,  or  a  professional  man  of 
sedentary  habits.  According  to  assumptions  based  upon  such  data 
the  standards  shown  in  the  following  table  are  estimated. 


Table  3. — Tentative  standards  for 


dietaries  (Atwater). 


Protein. 


Energy. 


Man  with  very  little  physical  exercise 

Man  at  light  work  

Man  at  moderate  muscular  work  

Man  at  active  muscular  work  

Man  at  severe  muscular  work  

Man  at  very  severe  muscular  work  


Grams. 
90 
100 
125 
150 
180 
200 


Calories. 
2,500 
3,000 
3,500 
4,000 
5, 700 
7,500 


The  amounts  of  fats  and  carbohydrates  required  are  not  stated  in  the 
table,  because  it  is  considered  that  theoretically  they  can  replace  each 
other  in  the  diet  in  proportion  to  their  fuel  value;  1  gram  of  fat 
being  equivalent  as  a  source  of  energy  to  2£  grams  of  carbohydrates 
or  protein.  Thus,  while  a  certain  amount  of  protein  is  necessary  in  a 
dietary,  the  amounts  of  fats  and  carbohydrates  may  be  governed  by 
circumstances,  so  long  as  the  sum  of  their  fuel  values  added  to  that  of 
the  protein  gives  a  total  fuel  value  equivalent  to  the  requirements  of  the 
body.  The  standards  in  this  table  are  those  which  have  been  found  to 
agree  with  American  habits  and  are  somewhat  more  liberal  than  those 
adopted  by  European  authorities.  They  are  to  be  understood  simply 
as  tentative  estimates  of  the  protein  and  energy  requisite  under  cer- 
tain conditions,  and  in  no  sense  to  be  considered  as  final. 

The  subject  of  dietary  standards  is  discussed  more  fully  in  former 
publications  of  the  Office  of  Experiment  Stations.2  Reference  is  made 
to  the  subject  here,  and  the  table  of  standards  given,  for  the  purpose 


1  See  list  of  publications  on  cover. 


2  See  especially  Bui.  21. 
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of  comparison  with  the  results  of  the  study  of  the  football  team  and 
the  professional  man's  family,  because,  as  noted  later,  these  differ  in 
their  food  consumption  from  the  average  of  similar  groups  or  families 
studied  elsewhere. 

EXPLANATION  OF  TABLES. 

The  tabular  statement  of  the  results  of  most  of  the  dietary  studies 
which  follow  is  somewhat  more  condensed  than  has  been  given  in 
many  previous  reports  of  such  studies.  The  tables  furnish,  however, 
all  the  original  data  from  which  the  results  were  computed,  and  the 
additional  matter  that  has  been  sometimes  included  can  be  readily 
calculated,  if  desired,  from  the  data  furnished. 

In  each  dietary  study  is  shown  the  amount  and  in  some  of  the 
studies  the  cost  of  the  different  articles  of  food  consumed  by  the  per- 
sons under  observation  during  the  study.  Following  the  amount  or 
the  cost  of  each  food  material  is  a  number  in  parentheses,  which 
refers  to  the  corresponding  reference  number  in  Table  19  in  the 
Appendix,  showing  the  percentage  composition  used  in  the  calculation 
of  the  total  nutrients  in  each  food  material.  The  remaining  columns 
of  the  table  show  the  cost  and  the  nutrients  and  fuel  value  per  man 
per  day.  In  order  that  the  table  may  show  also  in  some  degree  the 
amount  of  nutrients  furnished  by  different  classes  of  food  materials, 
with  the  costs  where  it  is  given,  these  are  grouped  as  follows:  The 
leaner  meats,  as  beef,  veal,  and  mutton;  the  fatter  meats,  as  pork; 
poultry,  fish,  eggs,  dairy  products;  cereals  and  cereal  products,  as 
flour,  meal,  bread,  etc. ;  sugars  and  starches,  vegetables,  and  fruits. 

The  particular  studies  which  were  made  in  connection  with  the 
nutrition  investigations  in  California  were  mentioned  on  page  7.  It 
was  deemed  advisable  to  make  as  wide  a  difference  as  possible  between 
the  individual  dietary  studies.  People  of  different  ages  and  those 
engaged  in  very  different  occupations  were  chosen  for  observation. 
Infants  in  their  earliest  periods  of  growth,  the  family  of  a  chemist 
doing  principally  brain  work,  and  a  football  team  in  active  training 
afford  considerable  variety  of  conditions  of  living. 

DIETARY  STUDY  OF  FOOTBALL  TEAM  (No.  268.) 

All  athletes  believe  that  good,  wholesome,  nutritious  food  is  neces- 
sary to  sound  bodies  capable  of  feats  of  strength  and  endurance;  but 
not  all  of  them  have  a  clear  understanding  of  just  what  constitutes 
proper  nourishment.  It  is  a  well-known  fact  that  college  football 
teams  are  extremely  well  fed,  according  to  the  popular  interpretation 
of  that  term.  In  order  to  ascertain  how  such  a  group  of  persons 
would  be  provided  for  by  a  person  not  governed  by  any  dietary  stand- 
ard other  than  the  desire  to  furnish  what  is  commonly  considered 
"  plenty  of  good,  nourishing  food,"  advantage  was  taken  of  the  oppor- 
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tunity  to  study  the  dietary  of  the  football  team  of  the  University  of 
California  during  a  part  of  their  training  period  in  the  season  of  1896. 
The  study  was  continued  for  17  days.  The  average  daily  attendance 
at  meals  was  23.  That  is,  1,181  individual  meals  were  served,  equiv- 
alent to  1  man  for  394  days.  The  results  of  the  study  are  set  forth  in 
the  following  table,  with  some  discussion  following. 

Table  4. — Dietary  study  of  a  college  football  team  in  California. 


Kinds,  amounts,  and  cost  of  food  consumed. 


Cost  and  composition  of  food  per  man  per 
day. 


Cost. 


Pro- 
tein. 


Fat. 


Carbo- 
hydrates. 


Fuel 
value. 


Dietary  No.  £68.— Duration,  17  days. 

ANIMAL  FOOD. 

Beef:  Porterhouse  steak,  112.49  kgs.,  $24.75  (7) ;  rib  roast, 
404.86  kgs.,  $89.07  (5).  Mutton:  Lamb  chops,  116.56 
kgs.,  $25.64  (11)  

Poultry:  Chicken,  23.52  kgs.,  $8.23  (14)  

Fish:  Oysters  (canned),  1.93  kgs.,  $2.10  (18)  

Eggs:  58.35  kgs.,  $33.25  (22)  

Butter:  49.23  kgs., $27.08  (24)  

Cream:  0.8  kg.,  35  cts.  (29)  

Milk:  172.19  kgs., $11.36  (26)  

Bouillon:  155.6  kgs.  (2)  


Cents. 
35 
2 
1 


Grains. 
200 
9 
1 
18 
1 


Grams. 
391 
1 


Grams. 


17 

106 


Total  animal  food . 


253 


534 


VEGETABLE  FOOD. 

Cereals:  Oatmeal,  14.61  kgs.,  $1.61  (39);  oatmeal  water, 
220.05  kgs.,  $3.02  (40);  rice,  1  kg.,  11  cts.  (43);  bread 
(toasted),  110.63  kgs.,  $10.95  (52);  crackers  (soda),  6.81 
kgs.,  90  cts.  (53)  

Sugars  and  starches:  Sugar,  40  kgs.,  $4.40  (55);  corn- 
starch, 0.5  kg.,  9  cts.  (59);  pudding  (tapioca),  1.37  kgs., 
25  cts.  (60)  

Vegetables:  Beans  (Lima,  dried),  7.53  kgs.,  83  cts.  (64); 
cabbage  sprouts,  18.62  kgs.,  $1.27  (69) ;  celery,  44.03  kgs., 
$2.90(71);  corn  (canned), 7.25  kgs.,  72  cts.  (72);  onions, 
3.17  kgs.,  21  cts.  (74);  potatoes,  410.2  kgs.,  $11.28  (78); 
squash,  2.3  kgs.,  15  cts.  (81);  succotash,  14.6  kgs.,  $1.88 
(82) ;  tomatoes  (canned)  ,4.72  kgs.,  31  cts.  (83);  turnips 
(cooked  in  milk), 4.78  kgs., 21  cts.  (84)  

Fruits:  Apples,  278.76  kgs.,  $12.27  (85);  blackberries,  1.8 
kgs.,  24  cts.  (87);  cocoanut  (shredded),  0.7  kg.,  54  cts. 

I  (88);  cranberries,  10.1  kgs.,  $1.33  (  89);  grapes,  141.79 
kgs.,  $12.55  (90);  pears,  10  kgs.,  88  cts.  (93);  prunes 
(dried),  2.9  kgs.,  38  cts.  (94) ;  strawberries,  1.82  kgs.,  24 
cts.  (98)  


Total  vegetable  food 


75 


22 


Beverages,  etc. :  Porter,  176.4  kgs.,  $70.50  (100) ;  calf's-foot 
4elly,  27.27  kgs.,  $20.04  (3)  


23 


Total  food  purchased 


Animal . . . 
Vegetable 


97 


335 


139 
1 


Total  food  wasted 
Total  food  eaten.. 


65 


140 


416 


Calories. 
4,460 
45 
5 

230 


22 


222 
103 


247 


90 


796 


710 


315 
50 


,095 


1,145 
420 

1,150 
600 


,315 
400 


9,810 


1,520 
405 


1,925 
7,885 


An  examination  of  the  table  discloses  some  facts  that  are  both 
interesting  and  important.  In  consideration  of  the  nature  of  the  work 
done  by  football  teams  it  might  be  supposed  that  the  food  consumed 
would  be  equivalent,  approximately,  at  least,  to  that  of  a  man  at 
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severe  muscular  labor.  But  these  investigations  show  that  in  this 
instance  such  was  not  the  case.  In  the  table  on  page  14  the  standard 
for  a  man  at  severe  muscular  work  is  given  as  180  grams  of  protein 
and  5,700  calories  per  day.  In  the  dietary  here  reported  there  are 
270  grams  of  protein  and  7,795  calories  per  man  per  day,  the  excess 
of  protein  over  the  amount  indicated  by  the  standard  being  90  grams, 
or  50  per  cent;  while  the  excess  of  energy  was  2,145  calories,  or  37.3 
per  cent. 

T         J  rage  daily  consumption  of  food  by 

members  of  the  C^xiioriJ  is  compared  with  the  average  for  a 

Connecticut  team1  studied  in  IS90,  and  with  the  average  of  seven 

^rews  made  in  1898. 2 

Table  5.—  t  od  cor,  ■■  ■■»■'  ion  of  college  athletes. 


Members  of  college  boat  crews,  average         vea  • 

food  eaten  

College  football  team,  Connecticut: 

Food  purchased  

Food  eaten  

College  football  team,  California: 

Food  purchased  

Food  eaten  


Protein. 

Fat. 

Carbohy- 
drates. 

Fuel 
value. 

Grams. 
155 

Grams. 
177 

Grams. 
440 

Calories. 
4,085 

194 
181 

312 
292 

578 
557 

6,070 
5,740 

i>35 
270 

556 
416 

796 
710 

9,810 
7,885 

Upon  comparing  the  figures  in  thr  those  in  the  table  of 

standards  on  page  14,  it  will  be  seen  :h    average  of  the  boat 

crews  is  equivalent  to  the  standard  for  a  n  at  i  i  \  i  muscular  labor, 
and  the  average  for  the  Connecticut  tean  eq u  rait  fc  to  that  for  a 
man  at  severe  muscular  labor;  while  the  he  California 

team  exceeds  the  standards  for  a  man  occup.  d  at  very  were  muscu- 
lar labor,  35  per  cent  in  the  amount  of  prote  i  consumed,  and  5i  per 
cent  in  energy;  apparently  a  very  decided  exct  is  in  protein,  and  rela- 
tively smaller  excess  in  fuel  ingredients.  With  regard  to  the  Eastern 
team  it  may  be  said  that  although  the  study  was  made  while  the  team 
was  still  in  active  training,  with  exercise  vigorous  and  at  times  severe, 
it  was  toward  the  close  of  the  season,  when  the  men  considered  that 
they  were  eating  less  heartily  than  they  had  done  earlier.  Possibly 
if  the  study  had  been  made  at  the  beginning  of  the  training  season,  as 
in  the  case  of  the  California  team,  the  differences  between  these  two 
studies  might  not  have  been  quite  so  large,  but  it  is  doubtful  if  so 
great  an  excess  could  be  entirely  accounted  for  in  this  way. 

It  might  be  contended  that  the  diet  of  the  California  team  was  called 
for  by  the  character  of  the  exercise  of  the  men  and  their  physical  con- 
dition at  the  time  it  was  taken.    According  to  Zuntz,3  when  intense 


1  Connecticut  Storrs  Sta.  Rpt.  1891,  p.  128. 

2TJ.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  75. 

3  Experiment  Station  Record,  Vol.  VII,  p.  538. 
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muscular  labor  must  be  performed  in  a  short  time  an  unusual  supply 
of  protein  is  necessary;  for  respiration,  although  greatly  quickened, 
does  not  supply  enough  oxygen  to  satisfy  the  enormously  increased 
demand.  When  there  is  such  a  deficiency  of  oxygen  in  the  tissues  the 
fuel  ingredients  can  not  be  burned  fast  enough  to  furnish  the  required 
energy,  and  there  is  consequently  an  increased  consumption  of  protein. 
If,  however,  work  of  the  same  kind,  or  even  more  severe  work,  be 
extended  over  a  long  period  of  time,  the  quantity  of  protein  in  the 
food  need  not  be  increased.  Thus  it  might  be  that  the  vigorous, 
active,  intense  exercise  of  the  football  training  sea^n ;  which  for  most 
of  the  men  was  somewhat  unusual  at  first,  resulted  temporarily  in  a 
greater  demand  for  protein  than  woula.  be  called  for  by  severe  but 
more  regular  and  extended  labor.  This  might  account  for  the  fact 
that  the  excess  of  protein  in  the  stu  ly  over  the  amount  in  the  standard 
was  proportionately  larger  than  the  amount  of  fuel  ingredients.  As 
the  season  advanced,  with  regularity  of  training,  the  exercises  that 
were  at  first  severe  would  become  relatively  less  so,  and  the  protein 
consumption  would  not  be  ,co  large.  This  appears  to  be  indicated  by 
the  statement  of  the  members  of  the  Eastern  team  that  they  ate  less 
heartily  at  the  close  of  t\e  season. 

But,  on  the  other  hand,  the  dietaries  of  the  boat  crews  show  very 
much  smaller  consumption  of  protein.  These  studies  were  also  taken 
during  the  active  trair mg  season,  before  the  final  contests.  The  mus- 
cular exercise  of  ro1  ing,  especially  during  a  contest  or  a  trial  of 
speed,  while  not  so  1  mg  continued  as  a  football  game,  is  more  severe 
while  it  lasts  and  he  nervous  tension  is  more  intense.  The  total 
amount  of  work  done  in  the  periods  of  exercise  during  training  was 
probably  not  much,  if  any,  less  for  the  boat  crew  than  for  the  football 
team.  At  any  rate,  the  difference  could  hardly  be  sufficient  to  account 
for  such  great  difference  in  food  consumption. 

Assuming  that  the  diet  of  a  football  team  should  contain  more  than 
ordinary  amounts  of  nitrogenous  materials,  there  is  still  some  ques- 
tion as  to  the  need  of  so  much  as  was  found  in  the  dietary  reported. 
As  has  been  stated  before,  differences  in  climatic  conditions  are  often 
considered  as  having  some  effect  upon  dietary  customs.  More  extended 
observations  will  be  required,  however,  before  any  such  deductions 
can  be  drawn.  The  study,  as  a  whole,  seems  to  warrant  the  conclusion 
that  the  team  was  overfed.  The  total  amount  of  food  consumed  by 
each  man  was  much  larger  than  other  observations  have  shown  to  be 
necessary. 

Waste. — Not  only  was  the  amount  of  food  actually  consumed  exces- 
sive, but  the  amount  of  food  wasted  was  also  very  large.  From  the 
figures  given  on  page  16  it  may  be  seen  that  the  nutrients  wasted  per 
man  per  day  were  as  follows:  Protein,  nearly  20  per  cent  of  the 
amount  purchased;  fat,  nearly  25  per  cent,  and  carbohydrates,  over 
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10  per  cent.  These  figures  do  not  include  the  refuse,  such  as  bone,  etc. , 
that  could  not  be  eaten,  but  represent  the  amounts  of  edible  material 
rejected  either  in  the  kitchen  or  at  the  table.  Such  a  practice  in  the 
ordinary  household  would  be  ruinous.  In  the  case  of  the  football 
team,  some  explanation  of  the  large  waste  is  found  in  the  fact  that;  the 
materials  that  left  the  table  could  not  be  served  again.  This  applies 
especially  to  the  animal  foods;  meat  was  always  freshly  cooked  for 
each  meal. 

Cost. — This  dietary,  compared  with  that  of  an  ordinary  well-to-do 
household,  was  very  expensive.  The  average  daily  cost  per  man,  97 
cents,  greatly  exceeds  the  amount  paid  by  the  majority  of  housekeep- 
ers. An  average  of  a  number  of  even  more  than  ordinarily  expensive 
dietaries  would  give  a  cost  not  over  one-third  of  this  amount.  The 
cost  of  meat  alone  was  35  cents  per  day  for  each  man.  Another  large 
item  of  expense  is  the  ale,  which  costs  nearly  20  cents  per  man  per 
day.  The  excessive  cost  of  the  diet,  then,  may  be  said  to  be  due  in 
considerable  measure  to  the  cost  of  beverage  and  of  the  large  amounts 
of  animal  food  purchased  and  the  great  waste. 

DIETARY  STUDY  OF  A  CHEMIST'S  FAMILY  (No.  269). 

The  study  continued  three  weeks  during  December,  1896.  The 
members  of  the  family  and  the  number  of  meals  taken  were  as 
follows : 

Meals. 


Man  (chemist),  39  years  old,  weighing  160  pounds   63 

Man  (student),  22  years  old,  weighing  150  pounds   63 

Man  (student),  26  years  old,  weighing  145  pounds   63 

"Woman,  28  years  old,  weighing  116  pounds  (63  meals  X  0.8  meal  of 

man),  equivalent  to   50 

Woman,  33  years  old,  weighing  103  pounds  (63  meals  X  0.8  meal  of 

man),  equivalent  to  _-.   51 

Woman,  60  years  old,  weighing  200  pounds  (63  meals  X  0.8  meal  of 

man),  equivalent  to   50 

"Woman  (servant),  35  years  old,  weighing  125  pounds  (63  meals  X  0.8 

meal  of  man),  equivalent  to     51 

Total  number  of  meals  equivalent  to   391 

Equivalent  to  one  man  130  days. 


The  factor  here  used  to  represent  the  proportion  of  food  required 
by  the  women  included  in  this  study  is  based  upon  the  requirements 
of  a  man  at  moderately  hard  labor.  This  subject  has  been  discussed 
in  some  detail  in  former  publications  of  this  series 1  and  need  not  be 
entered  into  here. 

It  was  impossible  to  make  analyses  of  the  materials  used  in  this  die- 
tary at  the  time  the  study  was  made.    Some  of  the  values  for  the  per- 


1  See  list  on  cover,  especially  Bui.  21. 
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centage  composition  of  the  foods  were  taken  from  previous  analyses 
of  like  California  food  materials,  and  others  from  a  compilation 
showing  the  average  composition  of  food  materials.1 

The  results  of  the  study  are  shown  in  the  following  table: 

Table  6. — Dietary  study  of  a  chemist s  family  in  California. 


Kinds,  amounts,  and  cost  of  foods  consumed. 


Cost  and  composition  of  food  per  man  per 
day. 


Cost.  Protein, 


Fat. 


Carbo- 
hydrates, value 


Dietary  No.  269. — Duration  21  days. 

ANIMAL  FOOD. 

Beef:  Porterhouse  steak,  11.14  kgs.,  $3.68  (7);  rib  roast, 
18.87  kgs.,  $6.23  (5);  liver,  3.41  kgs.,  37  cts.  (4).  Veal: 
leg,  11.39  kgs., $3.15  (10);  kidneys,  1.37  kgs., 21  cts.  (9). 
Mutton:  chops, 7.74  kgs.,  $2.01  (11)  

Pork:  Bacon,  1.73  kgs., 67  cts.  (12);  sausage,  1.6  kgs.,  63 
cts.  (13)  

Poultry:  Turkey  (canned),  10.69  kgs.,  $4.70  (15)  

Fish:  Codfish,  1.82  kgs., 49  cts.  (16);  salmon  and  smelt 
(canned),  3.75  kgs.,  90  cts.  (19);  sardines  (canned), 
0.24  kg., 6  cts.  (20);  oysters  (canned),  0.24  kg.,  6  cts. 
(18);  shrimps  (canned),  0.45  kg.,  12  cts.  (21);  crabs, 
0.45  kg.,  15  cts.  (17)  

Eggs:  5.46  kgs.,  $4.20  (22)  

Butter:  8.64  kgs.,  $5.70  (24)  

Cheese:  1.44  kgs.,  47  cts.  (25)  

Milk:  32.72  kgs., 2.40  (26)  


Total  animal  food . 


VEGETABLE  FOOD. 

Cereals:  Barley  (pearled),  0.91  kg.,  15  cts.  (33);  corn  meal 
0.45  kg.,  3  cts.  (34);  hominy,  2.27  kgs.,  25  cts.  (37) ;  oat- 
meal, 2.5  kgs.,  22  cts.  (39) ;  rice,  1.71  kgs.,  22  cts.  (43) ; 
flour  (fine)  6.48  kgs., 36  cts.  (45);  flour  (whole  wheat), 
1.7  kgs.,  9  cts.  (48);  flour  (Graham),  1.02  kgs.,  8  cts. 
(46);  "Germea,"  3.64  kgs.,  80  cts.  (36);  bread  (French), 
6.11  kgs.,  67  cts.  (50);  bread  (whole  wheat),  18.33  kgs., 
$2.38  (51);  crackers  (soda),  1.25  kgs.,  12  cts.  (53)  

Sugars  and  starches:  Sugar,  10.44  kgs.,  $1.45  (55);  corn- 
starch, 0.45  kg.,  8  cts.  (59);  sago,  0.12  kg., 2  cts.  (62); 
sirup, 0.91  kg.,  12 cts.  (58) ;  honey,  0.45  kg.,  12  cts.  (57)... 

Vegetables:  Beets,  6.03  kgs., 40  cts.  (67);  beans  (white), 
2.28  kgs., 30  cts.  (66);  beans  (Lima)  (canned),  1.03 kgs., 
18  cts.  (65);  cabbage,  4.1  kgs.,  27  cts.  (68);  cabbage 
sprouts, 3.41  kgs., 22  cts.  (69);  cauliflower,  12.22  kgs.,  57 
cts.  (70);  celery,3  kgs., 33  cts.  (71);  lettuce,  0.7  kg.,  5 
cts.  (73);  onions, 0.12  kg.,  1  ct.,  (74);  oyster  plant,  0.9 
kg.,  30  cts.  (75);  peas  (green),  2.05  kgs.,  26  cts.  (76); 
pickles,  1.25  kgs.,  15  cts.  (77);  potatoes,  31.62  kgs.,  $1.04 
(78);  sweet  potatoes,  1.82  kgs.,  12  cts.  (80);  tomatoes 
(canned),  3.75  kgs.,  33  cts.  (83)  

Fruits:  Apples,  2.27  kgs.,  9 cts.  (85) ;  bananas,  3.19 kgs.,  70 
cts.  (86);  grapes,  3.4  kgs.,  68  Cts.  (90);  oranges,  7.07  kgs., 
70  cts.  (91);  peaches  (canned),  1.6  kgs.,  20  cts.  (92); 
raisins,  0.45  kg.,  15  cts.  (96);  strawberries,  2.16  kgs.,  67 
cts.  (98);  nuts  (mixed  almonds  and  walnuts), 0.45  kg., 
20  cts.  (99)  


Total  vegetable  food  . 
Total  food  purchased. 


Animal.. 

Vegetable 


Total  food  wasted 
Total  food  eaten.. 


Cents. 
12 


Gravis. 
60 


Gram*. 
87 


109 


14 


50 


150 


202 


16 


195 


1  See  Appendix,  p.  37. 
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The  following  table  gives  a  comparison  of  the  results  of  this  study 
with  the  dietaries  of  professional  men  in  various  parts  of  the  country, 
the  families  studied  being  chose  of  college  professors,  teachers,  chem- 
ists, and  lawyers: 


Table  7. — Comparison  of  dietary  of  chemist's  family  with  average  of  similar  studies  and 

ivith  dietary  standards. 


Cost. 

Protein. 

Fat. 

Carbohy- 
drates. 

Fuel 
value. 

Average  of  14  dietaries  of  professional  men's 

Cents. 
40 

25 

Grams. 
149 

104 
125 
150 

Grams. 
195 

125 

Grams. 
426 

423 

Calories. 
4,170 

3,326 
3,500 
4,060 

Man  at  moderate  work  (Atwater's  standard)  

a  Connecticut  Storrs  Sta.  Rpt.  1896,  and  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  32, 
52,  and  55. 


From  this  table  it  appears  that  the  dietary  of  this  family,  composed 
of  4  women  and  3  men,  whose  work  was  hardly  more  than  moder- 
ately active,  was,  in  proportion  and  amounts  of  nutrients,  considerably 
higher  than  the  average  of  14  professional  men's  families.  While  this 
average  must  not  be  considered  as  a  standard,  it  perhaps  approximates 
the  dietarv  that  would  be  ample  for  men  in  such  an  occupation  or  con- 
dition of  living.  The  present  dietary  (No.  269),  on  the  other  hand, 
comes  close  to  the  standard  for  men  at  hard  muscular  work,  in  regard 
to  protein  and  energy.  The  cause  for  the  use  of  so  much  protein  is 
credited  by  the  family  to  the  fact  that,  having  recently  moved  to 
Berkeley,  they  were  all  stimulated  by  the  change,  and  craved  and 
ate  larger  quantities  of  meat  than  they  had  done  before  or  have 
done  since.  The  laige  quantity  of  fat  in  the  dietary  was  supplied  in 
part  by  the  meat,  and  in  part  by  the  unusual  quantity  of  pancakes 
and  fritters  used,  these  being  fried  in  butter  or  fat.  An  examina- 
tion of  the  tables  giving  the  details  of  the  study  shows  that  the  per- 
centage of  waste  was  very  small,  while  the  variety  of  foods  used  in  the 
dietary  was  large.  This  great  variety,  with  its  large  percentage  of 
fruits,  and  the  excess  of  animal  foods,  may  account  for  the  high  cost 
of  the  dietary,  which  was  above  that  given  as  the  average  of  14  pro- 
fessional men's  families.  The  excess  was  about  as  much  higher  as  the 
amounts  of  nutritive  ingredients  in  the  former  exceed  those  in  the 
latter.  While  these  points  are  interesting  it  is  of  course  obvious  that 
the  data  are  too  limited  for  even  the  most  general  deduction  concern- 
ing the  food  habits  of  the  people  of  the  region  studied. 

DIETARY  STUDY  OF  AN  INFANT  (No.  270). 

The  study  began  July  5,  1896,  and  ended  May  9,  1897.  The  time 
was  divided  into  periods  of  four  weeks  each.  The  subject  was  a 
healthy  male  infant,  eight  weeks  old  when  the  study  began.  The  table 
following  gives  the  details  of  the  study  for  the  different  periods. 
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Table  8. — Percentage  composition  and  weight  of  food  materials  and  amounts  of  nutritive 
ingredients  in  dietary  study  No.  270. 


Length  of  period  and  kind 
of  food  material. 

Percentage  composition. 

Food  ma- 
terial. 

Nutritive  ingredients. 

Fuel 
value. 

Pro- 
tein. 

Fat. 

Carbo- 
hydrates. 

Pro- 
tein. 

Fat. 

hydrates. 

July  5  to  Aug".  2; 

Milk  

Per  ct. 
3.25 

Per  ct. 
10.00 

Per  ct. 
4.50 
100. 00 

Grams. 
6,510 
1,473 

Grams. 
212 

Grams. 
651 

Grams. 
293 
1,473 

Calories. 
8, 125 
6,040 

rPr\+o1  fr\r\i-\ 

7,983 

212 

651 

1,766 

14, 165 

A  ncr    O  +r\    Ann-  QH- 

Aug.  JL  tO  Aug.  oU. 

Milk  

3.29 

10.11 

4.47 
100. 00 

8,265 
1,276 

272 

836 

1,276 

10, 405 
5,230 

Sugar  

9,541 

272 

836 

1,645 

15,635 

A  nrr   Qf\  ir\  Canr  *)'?• 

Milk  

3.25 

10. 06 

4.50 
100. 00 

11,200 
1,360 

364 

1,127 

504 
1,360 

14,040 
5,575 

Sugar  

12,560 

364 

1,127 

1,864 

19, 615 

Milk  (top)  

3.25 

9.00 

4.60 
100. 00 

10, 280 
1,360 

334 

925 

473 
1,360 

11,910 

5,575 

Sugar  

,.,     .  ,  , 

11,640 

334 

925 

1,833 

17, 485 

Oct.  25  to  Nov.  22: 
Milk 

3.25 

8.01 

4.51 
100. 00 

11,090 
1,224 

360 

888 

500 
1,224 

11,785 
5, 015 

Sugar  .  

12,314 

360 

888 

1,724 

16, 800 

j> < )v.     to  uec.  zo. 

Milk  

3.54 
8. 00 

8. 17 
1.50 

4. 50 
70. 00 
100. 00 

11,160 

95 
398 

395 
8 

912 
1 

502 
67 
398 

12, 160 
315 
1,630 

Sugar  

11, 653 

403 

913 

967 

14, 105 

Dec.  20  to  Jan.  17: 
Milk 

3. 25 
1.60 

6.  66 
0.50 

4. 50 
9. 60 
100.00 

12,360 
1,300 
898 

402 
21 

823 
7 

556 
125 
898 

11,580 
665 
3,680 

Oatmeal  gruel  

Sugar  

14,558 

423 

830 

1,579 

15, 925 

Jan.  i/  to  reo.  14: 

Milk  

3.25 

10. 00 

4.50 
100. 00 

13, 320 
1,167 

433 

1,332 

599 
1,167 

16, 620 
4,785 

14,487 

433 

1,332  1,766 

21,405 

reD.  14  to  lviar. 

4.92 
3.25 

0.  61 
9. 15 

600 

30 
375 

4 

1,054 

160 
13,455 
6, 630 
310 

4.48 
100. 00 
12.50 

11,520 
1, 617 
560 

516 
1,617 
70 

Sugar   

1.00 

6 

Total  food  

14, 297 

411 

1,058 

2,203 

20,555 

JVlar.  14  to  Apr.  11: 

4.92 
3. 25 

0. 61 
6.  40 

1,200 
14, 280 
1,474 
1, 320 

59 
464 

7 
914 

305 
13,025 
6,045 
730 

4.48 
100.  00 
12. 50 

639 
1,474 
165 

Sugar  

1.00 

13 

Total  food  

18,274 

536 

921 

2, 278 

20, 105 

Apr.  11  to  May  9: 

Beef  juice  

4.92 
3.27 

0. 61 
5. 00 

1,200 
17, 580 
1,587 
2, 140 

59 
575 

879 

305 
13,745 
6,505 
1,240 

Milk  

4.46 
100. 00 
12.50 

784 

Sugar  

1,587 
280 

Fruits  

1.00 

22 

Total  food  

22, 507 

656 

886 

2, 651 

21,800 

It  may  be  stated  that  the  subject  did  not  possess  a  hearty  appetite. 
From  cursory  observation  of  other  children  it  appeared  that,  while 
this  child  gained  in  weight  even  more  than  the  average  during  the 
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first  six  months,  he  ate  decidedly  less;  and  he  was  rather  slow  to  show 
a  desire  for  more  or  richer  food  as  he  grew  older. 

The  amounts  and  kinds  of  food  given  were  regulated  at  first  by  a 
desire  to  make  the  diet  approximately  similar  to  woman's  milk  in 
composition.  Changes  were  made  later  according  to  varying  condi- 
tions of  the  infant's  health.  Thus  more  limewater  was  added  to  the 
milk  on  account  of  imperfect  digestion  of  casein,  and  more  milk  sugar 
because  of  constipation. 

The  milk  used  in  this  dietary  contained  an  unusual  amount  of  fat. 
It  was  prepared  by  adding  more  or  less  cream  or  "top  milk"  to 
ordinary  milk,  as  circumstances  warranted.  At  each  change  in  the 
proportions  of  these  materials  used  the  composition  of  the  preparation 
was  determined.  The  values  used  in  calculating  the  nutrients  for 
each  period  are  averages  of  all  the  determinations  made  during  that 
period. 

During  the  sixth  period  a  small  amount  of  prepared  barley  meal  was 
added  to  the  dietary;  and  during  the  seventh  period  oatmeal  gruel, 
which  was  prepared  by  boiling  oatmeal  for  four  hours  in  water, 
straining  and  adding  milk.  During  the  last  three  periods  of  the 
study,  when  the  child's  physical  condition  was  somewhat  disturbed, 
beef  juice  was  added  to  his  diet.  This  material  was  prepared  by 
pressing  out  the  juice  of  rare  broiled  beef.  It  contains  more  protein 
than  is  found  in  milk,  and  is  commonly  considered  to  be  an  excellent 
article  of  diet  in  cases  of  sickness,  or  in  any  low  condition  of  the 
system,  especially  where  easily  digested  and  stimulating  food  is 
required,  as  was  indicated  in  this  case. 

From  July  16  to  August  6  a  change  was  made  from  mixed  milk  to 
milk  from  one  cow — a  Jersey.  For  the  first  week  no  variation  was 
noticed  in  the  child's  condition,  or  gain  in  weight;  but  in  the  second 
week  there  were  decided  symptoms  of  indigestion,  although  the  gain 
in  weight  during  this  week  was  larger  than  during  any  previous  corre- 
sponding period.  The  milk  was  continued  for  a  third  week,  during 
which  time  no  gain  was  noticed.  As  indigestion  continued  with  this 
diet  the  mixed  milk  was  resumed,  normal  conditions  returned,  and 
the  gain  once  more  became  constant. 

The  results  of  the  dietary  study  show  that  the  average  amounts  of 
nutrients  consumed  were  11.3  grams  of  protein,  33.8  grams  of  fat,  and 
65.2  grams  of  carbohydrates  per  day.  The  tentative  standard1  for  a 
child  1  to  2  years  old  is  28  grams  of  protein,  37  grams  of  fat,  and  75 
grams  of  carbohydrates.  The  present  dietary,  therefore,  appears  to 
be  somewhat  deficient  in  protein.  During  the  eleventh  period  of  the 
study,  however,  when  the  child  was  about  1  year  old,  the  average 
amounts  of  nutrients  consumed  per  day  were  23  grams  of  protein,  32 
grams  of  fat,  and  94  grams  of  carbohydrates.    These  amounts  corre- 


1 U.  S.  Dept.Agr.,  Office  of  Experiment  Stations  Bui.  21,  p.  210. 
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spond  very  nearly  to  the  commonly  accepted  standard  for  a  child  under 
2  years  of  age.  The  number  of  actual  studies  of  the  food  consump- 
tion of  infants  under  1  year  of  age  appears  to  be  limited,  and  there  is 
no  commonly  accepted  standard.  The  amount  of  food  required  by 
young  infants  has,  however,  been  estimated  in  various  ways.  Holt1 
states  that  a  child  1  week  old  requires  300  to  500  grams  (10  to  16 
ounces)  mother's  milk  per  day,  and  one  6  to  9  months  old,  900  to  1,220 
grams  (30  to  40  ounces).  The  amounts  stated  by  Rotch2  are  the  same. 
This  quantity  of  mother's  milk  (284  grams)  would  furnish  (on  the 
basis  of  KonigV  figures)  7  gramu  protein  and  199  calories,  and  1,135 
grams  of  mother's  milk,  26  grams  protein,  and  795  calories.  The 
quantities  which  these  three  authors  estimate  as  necessary  for  the 
ages  between  1  week  and  12  months  vary  somewhat.  If  the  amounts 
of  food  eaten  by  the  subject  of  the  study  when  1  year  old  be  compared 
with  these  estimates,  which  may  be  assumed  to  represent  the  con- 
census of  opinion  of  specialists  on  infant  feeding,  it  will  be  seen  that 
the  diet  furnished  a  very  little  less  protein  and  energy  than  is  con- 
sidered desirable.  The  differences,  however,  seem  unimportant,  and 
are  perhaps  no  more  than  would  be  accounted  for  by  individual  pecul 
iarities  and  by  unavoidable  errors  in  the  usual  experimental  methods. 

In  Table  9  is  a  summary  of  the  study,  giving  the  amounts  of  food 
consumed,  with  their  nutritive  ingredients  and  their  fuel  value,  as  well 
as  the  average  of  each  per  day.    The  table  also  gives  the  age  and  weight 
of  the  child  at  the  beginning  of  and  the  gain  made  during  each  period., 
Table  9. — Summary  of  dietary  study  No.  270. 


Period. 


July  5  to  Aug.  2  

Average  per  day . 
Aug.  2  to  Aug.  30  

Average  per  dav . 
Aug. 30  to  Sept.  21.'... 

Average  per  dav . 
Sept. 27  to  Oct. 25...'.. 

Average  per  day , 
Oct.  25  to  Nov.  22  

Average  per  day 
Nov.  22  to  Dec.  20  

Average  per  day , 
Dec.  20  to  Jan.  17  

Average  per  day , 
Jan.  17  to  Feb.  14  

Average  per  day 
Feb.  14  to  Mar.  14.... 

Average  per  day 
Mar.  14  to  Apr.  11  

Average  per  day 
Apr.  11  to  May  9  

Average  per  day 


Whole  period,  average 
per  day  


Age  of 
subject. 


!  Weight  at  i  Gain 
beginning  during 
j  of  period.  ( period 


Grams. 
851 


Months.  1  Kilograms. 
2  to  3  j  3. 69 


3  to  4 
'  4  to  "5 
"  5  "to"  6 
"  6  to  "l 
'  7  to  *8 
"■8  to  "6" 

"  otoio" 
id  tori' 

ll"toi2 
12  to  13 ' 


4. 54  j 
"  3.'3C'| 
" "6*32" 
"6."  97 
37 
"7."  94 
"3."  34 

"  "a  65 

"9."  10 
"*9."  30 
o  9."  47 


322 
964 
052 
680 
'•284' 
'397 
"Z\2 
454 
"i98 
'170 


Total 
food. 


Gravis. 
7,983 

285 
9,541 

341 
12, 560 

484 
11,640 

416 
12,314 

476 
11, 053 

416 
14, 558 

519 
14,487 

517 
14, 297 

511 
18, 274 

052 
22,  Co7 

807 


Pro- 
tein. 


Grams. 
212 

7.6 
272 

9.7 
364 

18.0 
334 

11.9 
300 

12.9 
403 

14.4 
423 

15.1 
433 

15.5 
411 

14.7 
536 

19.1 
656 

23.4 


Fat. 


Grams. 
651 
23 
836 
30 
1,127 
40 
925 
33 


913 


1,332 
48 
1,058 


32 


Carbo- 
hy- 
drates. 


Grams. 
1,766 

63 
1,645 

59 
1,864 

66 
1,833 

65 
1,724 

62 
967 

34 
1,579 

56 
1,766 

63 
2,203 

79 
2,278 

81 
2,651 

95 


65 


Fuel 
value. 


Calories. 
14, 165 

505 
15, 635 

560 
19, 615 

700 
17, 485 

625 
16, 800 

605 
14, 105 

505 
15, 925 

570 
21,405 

765 
20, 555 

735 
20, 105 

715 
21,800 

785 


630 


a  At  end  of  study. 


1  Diseases  of  Infancy  and  Childhood.    New  York,  1897,  p.  129. 

2  Arch.  Pediat.,  4  (1887),  p.  465. 

3Chemie  der  menschlichen  Nahrungs-  und  Genussmittel,  ed. 
Springer,  1889,  p.  255. 


I.    Berlin:  J. 
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In  comparing  the  various  periods  it  will  be  noticed  that  the  gain 
during  the  first  five  was  much  larger  than  that  during  the  last  six.  It 
might  be  expected  that  there  would  be  a  decrease  in  the  rate  of  gain 
in  body  weight  as  the  child  grew,  but  that  it  would  be  more  gradual 
than  is  indicated  by  the  figures  in  this  table.  The  very  decided  drop 
from  a  gain  of  964  grams  (34  ounces)  in  the  third  period  to  658  grams 
(23  ounces)  in  the  fourth,  and  from  a  gain  of  680  grams  (24  ounces)  in 
the  fifth  to  284  grams  (10  ounces)  in  the  sixth,  would  hardly  be 
expected  without  some  particular  cause.  The  drop  between  the  third 
and  the  fourth  periods  is  attributed  to  a  change  of  residence  from  San 
Francisco  to  Berkeley  and  a  consequent  change  of  climate  and  milk, 
which  affected  the  child  considerably.  The  small  gains  for  periods 
subsequent  to  the  fifth  may  be  due  to  the  fact  that  about  that  time  his 
first  teeth  began  to  appear,  and  the  eruption  of  teeth  was  accom- 
panied by  a  disturbance  of  his  physical  condition  and  a  capriciousness 
of  appetite. 

It  is  of  considerable  interest  to  compare  the  increase  in  consumption 
of  the  different  nutritive  ingredients  during  the  various  periods.  Thus 
it  will  be  seen  that  the  amount  of  protein  in  the  food  consumed  during 
the  last  period  was  three  times  the  amount  in  the  first.  With  the 
exception  of  two  periods,  the  fourth  and  the  ninth,  there  was  an 
increase  of  protein  consumed  in  each  period  over  that  in  the  preceding. 
In  the  two  periods  noted  there  was  a  slight  decrease.  In  the  case  of 
the  fat  there  was,  for  the  most  part,  considerable  variation  of  amount 
from  time  to  time.  The  amount  in  the  last  period  was  about  50  per 
cent  greater  than  that  in  the  first.  The  greatest  increase  was  in  the 
eighth  period,  when  the  amount  consumed  was  a  little  more  than  twice 
the  amount  in  the  first  period.  The  consumption  of  carbohydrates 
was  not  so  irregular  as  that  of  fat.  For  the  first  five  periods  the 
amount  was  fairly  uniform.  In  the  sixth  period  it  fell  to  60  per  cent 
of  that  of  the  first,  and  then  began  to  increase  until  in  the  last  period 
the  consumption  was  50  per  cent  larger  than  in  the  first.  The  fuel 
value  of  the  food  of  each  period  varied  also,  in  accordance  with  the 
variations  of  the  food.  The  fuel  value  of  the  food  of  the  last  period 
is  about  50  per  cent  greater  than  that  of  the  first  period. 

DIETARY  STUDY  OF  AN  INFANT  (No.  271). 

The  subject  of  this  study  was  the  same  boy  whose  dietary  for  an 
earlier  period  has  been  discussed  in  the  preceding  pages.  The  present 
study  was  begun  November  1, 1897,  and  was  concluded  March  31, 1898, 
continuing  one  hundred  and  fifty-one  days.  The  age  of  the  child  was 
17  months  when  the  study  began.  His  weight  was  10.44  kilograms 
(23  pounds)  at  the  beginning,  and  11.49  kilograms  (25.5  pounds)  at  the 
close  of  the  study,  showing  an  average  gain  of  227  grams  (one-half 
pound)  per  month. 
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During  this  study  the  child  had  a  very  capricious  appetite.  Part  of 
the  time  he  was  cutting  his  first  molars,  and  was  not  in  the  best  con- 
dition. He  refused  all  fruits,  no  matter  how  prepared,  except  prunes 
and  raspberry  juice.  He  ate  large  quantities  of  the  prunes,  and  they 
had  apparently  no  bad  effect  upon  him.  He  tired  of  certain  kinds  of 
foods  at  times,  and  for  this  reason  it  was  necessary  to  make  changes 
in  his  diet.  He  did  not  care  for  bread  or  crackers,  and  did  not  digest 
them  well,  but  he  craved  such  foods  as  eggs,  cream,  meat,  prunes,  etc. 

The  gains  in  the  child's  weight  were  not  regular,  but  occurred  at 
intervals  three  to  five  weeks  apart.  The  weight  would  remain  con- 
stant for  some  weeks,  and  then  suddenly  increase  in  a  week,  but  main- 
tained an  average  gain  of  227  grams  a  month. 

Details  of  the  study  for  the  whole  period,  one  hundred  and  fifty-one 
days,  are  given  in  Table  10. 


Table  10. — Percentage  composition  and  weight  of  food  material,  and  amounts  of  nutritive 
ingredients,  with  fuel  value,  used  in  dietary  No.  271. 


Lengths  of  periods  and  kinds  and  weights  of  food 
material. 

Per  infant  per  day. 

Cost. 

Pro- 
tein. 

Fat. 

Carbo- 
hydrates. 

Fuel 
value. 

November  1  to  December  1,  SO  days. 

ANIMAL  FOOD. 

Beef  juice,  1,498  gms.  (1);  soup,  142  gms.  (8);  eggs,  860 
gms.  (23)  

vems. 

Grams. 
6.6 
25.4 

Grams. 
3.9 
36.2 

Grams. 

Calories. 
65 
595 

Milk,  22  kgs.  (27) ;  cream,  1,134  gms.  (30)  

38.2 

32.0 

40.1 

38.2 

660 

VEGETABLE  FOOD. 

Cereals:  Farina,  680  gms.  (35);  wheatine,  90  gms.  (42); 
rolled  oats,  21  gms.  (41);  Graham  flour,  60  gms.  (47); 
rice,  171  gms.  (44);  bread,  551  gms.  (49);  crackers,  85 
gms.  (53)  

5.9 
.1 

1.4 

38.2 

9.0 
1.3 

195 

35 
5 

Sugars  and  starches:  Sugar  (cane),  85 gms.  (55);  sago, 
221  gms.  (61)   

Total  vegetable  food  

6.0 

1.4 

48.5 

235 

Total  food  

38.0 

41.5 

86.7 

895 

December  1  to  January  1,  31  days. 

ANIMAL  FOOD. 

Scraped  beef,  114  gms.  (6);  beef  juice,  113  gms.  (1); 
soup,  581  gms.  (8) ;  eggs,  555  gms.  (23)  

4.7 

26.0 

2.5 
31.9 

40 

565 

Milk,  24.09  kgs.  (27);  cream,  340  gms.  (30)  

39.3 

30.7 

34.4 

39.3 

605 

VEGETABLE  FOOD. 

Cereals:  Farina,  152  gms.  (35) ;  wheatine,  110  gms.  (42) ; 
rolled  oats,  84  gms.  (41);  rice,  77  gms.  (44);  bread,  648 
gms.  (49);  crackers,  40  gms.  (53);  lady  fingers,  35  gms. 
(54)  :  

3.9 

.8 

22.9 
2.7 

120 
.  10 

Sugar  (cane),  85 gms.  (55)  

3.9 

.8 

25.6 

130 

Total  food  

34.6 

35.2 

64.9 

735 
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Table  10. — Percentage  composition  and  weight  of  food  material,  etc. — Continued. 


Lengths  of  periods  and  kinds  and  weights  of  food 
material. 

Per  infant  per  day. 

Cost. 

Pro- 
tein. 

Fat. 

Carbo- 
hydrates. 

Fuel 
value. 

January  1  to  February  1,  31  days. 

ANIMAL  FOOD. 

Scraped  beef,  723  gms.  (6);  beef  juice,  454  gms.  (1);  eggs, 
759  gms.  (23)  

Cents. 

Grams. 
10.0 
19.7 

Grams. 
3.8 
24.6 

Grams. 

Calories. 
75 
430 

Milk,  18.21  kgs.  (27);  cream,  312  gms.  (30)  

Total  animal  food  

29.8 

29.7 

28.4 

29.8 

505 

VEGETABLE  FOOD. 

Cereals:  Farina,  256  gms.  (35);  rolled  oats,  108  gms.  (41); 
rice,  69  gms.  (44);  bread,  650  gms.  (49);  crackers,  140 
gms.  (53);  lady  fingers,  14  gms.  (54)   

Sugars  and  starches:  Sugar  (cane),  113  gms.  (55);  sago, 

4.3 

1.2 

25.2 

4.9 
.9 
6.2 

135 

20 
5 
25 

.1 

.2 

Prune  pulp,  675  gms.  (95)  

Total  vegetable  food  

4.6 

1.2 

37.2 

185 

Total  food  

34.3 

29.6 

67.0  |  690 

February  1  to  March  1,  28  days. 

ANIMAL  FOOD. 

Scraped  beef,  439  gms.  (6) ;  beef  juice,  681  gms.  (1) ;  soup, 
964  gms.  (8);  eggs,  657  gms.  (23)   

10.5 
18.4 

3. 7 
25. 9 

75 
430 

Milk,  14.85  kgs.  (27) ;  cream,  737  gms.  (30)  

27.6 

28.9 

29.6 

27.6 

505 

VEGETABLE  FOOD. 

Cereals:  Farina,  64  gms.  (35) ;  rolled  oats,  51  gms.  (41) ; 
rice,  245  gms.  (44);  bread,  114  gms.  (49);  crackers,  55 
gms.  (53);  lady  fingers,  14  gms.  (54)   

Sugar  (milk),  14  gms.  (56)  

1.9 

.5 

13.9 
.5 
1.2 
8.3 

70 

Potatoes,  142  gms.  (79)  

.1 
.1 

5 
35 

Raspberry  juice,  465  gms.  (97)  

Total  vegetable  food  

2.1 

.5 

23.9 

110 

UNCLASSIFIED  FOOD. 

Malted  milk,  65  gms.  (101)  

.4 

.1 

1.7 

10 

Total  food  

31.4 

30.2 

53.2 

625 

March  1  to  April  1,  31  days. 

ANIMAL  FOOD. 

Scraped  beef,  595  gms.  (6);  beef  juice,  1,417  gms.  (1); 
soup,  1,105  gms.  (8);  eggs,  962  gms.  (23)  

13.6 
15.6 

4.8 
23.7 

100 

380 

Milk,  13.76  kgs.  (27) ;  cream,  964  gms.  (30)  

23.5 

Total  animal  food  

29.2 

28.5 

23.5 

480 

VEGETABLE  FOOD. 

Cereals:  Rice,  155  gms.  (44);  bread,  642  gms.  (49);  crack- 
ers. 95  arms.  C531   

2.8 

.5 

17.0 
14.0 
3.0 
.7 

85 
55 
15 
5 

Sugar  (milk),  434  gms.  (56)  

Potatoes.  382  ems.  1 79)  

.3 

Raspberry  juice,  45  gms.  (97)  

3.1 

.5 

34.7 

160 

Total  food  

32.3 

29.0 

58.2 

640 

November  1  to  April  1,  151  days. 

8 

30.1 
3.9 
.1 

32.2 
.9 

31.7 
34.1 
.3 

555 
165 

Unclassified  food  

1 

Total  food  

9 

34.1 

33.1 

66.1 

720 

28 


The  average  results  for  the  separate  months  and  for  the  whole 
period  of  this  study  are  presented  in  the  following-  table  for  more 
convenient  comparison : 


Table  11. — Average  daily  consumption  of  nutrients  during  the  separate  months  and  the 

whole  period  of  the  study. 


Period. 

Total 
food. 

Pro- 
tein. 

Fat. 

Carbo- 
hydrates. 

Fuel 
value. 

Grams. 
923 
872 
730 
698 
663 

Grams. 
38.0 
34.6 
34.3 
31.4 
32.3 

Grams. 
42 
35 
30 
30 
29 

Grams. 
87 
65 
67 
53 
58 

Calories. 
900 
735 
690 
625 
640 

December  

January  

February  

March  

Average  for  whole  period  (151  days)  

777 

34.1 

33 

66 

720 

By  this  comparison  it  appears  that,  except  in  the  month  of  Novem- 
ber, the  protein  for  each  month  differs  but  slightly  from  the  average; 
whereas  in  the  case  of  fats  and  carbohydrates  there  is  a  very  consid- 
erable variation  and  a  consequent  difference  in  fuel  value.  These 
facts  accord  with  what  has  been  said  concerning  the  child's  capricious 
appetite. 

It  is  seen  that  the  total  food  eaten  gradually  decreased  from  Novem- 
ber to  March;  nevertheless  there  was  a  constant  gain  in  weight  during 
the  five  months.  An  explanation  of  this  may  be  found  in  the  digesti- 
bility of  the  diet  (see  p.  33).  In  other  words,  the  nutritive  value 
of  any  food  material  depends  not  so  much  upon  the  quantity  of  the 
nutritive  ingredients  consumed  as  upon  what  proportion  of  them  is 
digested  and  assimilated.  Thus  in  the  first  part  of  this  study,  when 
there  was  a  maximum  food  consumption,  the  digestion  was  less  com- 
plete than  during  the  latter  period — that  is,  less  food  was  actually 
assimilated  though  more  was  eaten. 

The  figures  in  the  tables  show  the  quantities  of  food  eaten,  but  in 
many  cases  considerable  more  was  purchased.  For  instance,  a  half 
pound  of  beef  was  necessary  to  furnish  2  ounces  of  scraped  beef;  or 
some  12  ounces  of  rice  might  be  cooked,  while  the  child  would  eat 
only  6. 

DIETARY  STUDY  OF  AN  INFANT  (No.  272). 

The  study  was  begun  in  July,  1897,  when  the  subject,  a  girl,  was  12 
weeks  old,  and  was  continued  two  hundred  and  forty-three  days  The 
weight  of  the  infant  at  the  beginning  of  the  study  was  4.68  kilograms 
(10  pounds,  5  ounces),  and  at  the  conclusion  7.73  kilograms  (17  pounds). 
The  study  was  divided  into  8  periods  of  one  month  each.  The  averages 
are  also  given  for  the  total  time,  two  hundred  and  forty-three  days. 

The  diet  consisted  of  cream,  cow's  milk,  milk  sugar,  and  olive  oil,  as 
indicated  in  the  following  table,  which  shows  the  details  of  the  study: 
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Table  12. — Percentage  composition  and  weight  of  food  material  and  amounts  of  nutritive 
ingredients,  with  fuel  value,  used  in  dietary  No.  272. 


Lengths  of  periods  and  kinds  and  weights  of  food  materials. 


Per  infant  per  day. 


Protein. 


Fat. 


Carbo-  Fuel 
hydrates,  value. 


July  1  to  August  1,  SI  da 

ANIMAL  FOOD. 

Milk,  2.23  kgs.  (28) ;  cream,  2.92  kgs.  (31) 

VEGETABLE  FOOD. 


Sugar  (milk) ,  485  gms.  (56) 
Mellin's  food,  260  gms.  (38) 


Total  vegetable  food  

Total  food  

Aicgust  1  to  September  1,  31  days. 

ANIMAL  FOOD. 

Milk,  2.04  kgs.  (28) ;  cream,  2.95  kgs.  (31)  

VEGETABLE  FOOD. 


Sugar  (milk) ,  a  960  gms.  (56);  olive  oil,  145  gms.  (63) 
Mellin's  food,  90  gms.  (38)  


Total  vegetable  food  

Total  food  

September  1  to  October  1,  SO  days. 

ANIMAL  FOOD. 

Milk,  1.8  kgs.  (28) ;  cream,  2.61  kgs.  (31)  

VEGETABLE  FOOD. 

Sugar  (milk) ,  a  1  kg.  (56) ;  olive  oil,  165  gms.  (63) . 

Total  food  

October  1  to  November  1,  SI  days. 

ANIMAL  FOOD. 

Milk,  3.86  kgs.  (28);  cream,  2.56  kgs.  (31)  

VEGETABLE  FOOD. 


Sugar  (milk) ,  695  gms.  (56) . 
Mellin's  food,  585  gms.  (38) . 


Total  vegetable  food  

Total  food  

November  1  to  December  1,  SO  days. 

ANIMAL  FOOD. 

Milk,  8.33  kgs.  (28);  cream,  1.67  kgs.  (31)  

VEGETABLE  FOOD. 


Sugar  (milk) ,  475  gms.  (56) . 
Mellin's  food,  775  gms.  (38) . 


Total  vegetable  food  

Total  food  

December  1  to  January  1,  SI  days. 

ANIMAL  FOOD. 
Milk,  13.38  kgs.  (28) ;  cream,  845  gms.  (31)  


Grams. 
5.2 


Grams. 
23.2 


1,0 


6.2 


5.0 


5.4 


6.  6 


2.4 


3.2 


3.2 


14.0 


Grams. 
7.4 


23.5 


23.2 


4.7 
.1 


4.8 


28.0 


21.2 


5.  5 


22.5 


23.2 


1.0 


22. 


a  Sugar,  100  per  cent  carbohydrates;  olive  oil,  100  per  cent  fat. 


15.7 
6.3 


22.0 


31.0 
2.2 


40.3 


9.5 


22.4 
14.2 


15.8 
19.5 


35.3 


22.7 


30 

Table  12. — Percentage  composition  and  weight  of  food  material,  etc. — Continued. 


Lengths  of  periods  and  kinds  and  weights  of  food  materials. 

Per  infant  per  day. 

Protein. 

Fat. 

Carbo- 
hydrates. 

Fuel 
value. 

Dgccviber  1  lo  January  1,  31  days— Continued. 

VEGETABLE  FOOD. 

Grams. 

Grams. 

Grams. 
19.4 
19.0 

Calories. 

Mellin's  food,  785  gms.  (38)  

3.2 

0.9 

Total  vegetable  food  

3.2 

.9 

38.4 

Total  food  

18.2 

22.0 

61.1 

OoU 

January  1  to  February  1,  31  days. 

ANIMAL  FOOD. 

Milk,  14.65  kgs.  (28)  

15.6 

16.5 

23.6 

VEGETABLE  FOOD. 

Sugar  (milk) ,  690  gms.  (56)  

22.3 
17.6 

Mellin's  food,  725  gms.  (38)  

2.9 

.9 

2.9  .9 

39.9 

Total  food  

18.5 

17.4 

63.5 

505 

neoruary  i  to  March  l,  Zo  days, 

ANIMAL  FOOD. 

Milk,  14.67  kgs.  (28)   

17.3 

18.3 

26.2 

VEGETABLE  FOOD. 

14. 5 
11.1 

Mollin'o  $c\c\fK    A~\  ^  crrno 

1.8 

.6 

 1.... 

1.8 

.6 

25.6 

Total  food  

19.1 

18.9 

51.8 

465 

Average  for  whole  period,  July  1  to  March  1,  2^3  days. 

9.9 
1.9 

21.1 
1.8 

14.8 
33.1 

300 
160 

Vegetable  food  

Total  food  

11.8 

22.9 

47.9 

460 

If  the  average  for  the  eight  months  be  compared  with  the  commonly 
accepted  standard  for  a  child  under  2  years  of  age  given  on  another 
page  (32),  it  will  be  noticed  that  there  is  a  considerable  deficiency  in 
the  present  dietary.  However,  the  average  amount  of  protein  for  the 
latter  half  of  the  study  exceeds  that  in  the  corresponding  month  in 
the  study  given  on  page  24,  the  figures  being  respectively  17.4  and  15 
grams.    The  present  dieta^  is  also  very  deficient  in  fat. 

The  small  quantity  of  food  eaten  during  the  first  four  months  was 
apparently  due  to  a  loss  of  appetite  while  cutting  teeth. 

DIETARY  STUDY  OF  AN  INFANT  (No.  273). 

The  study  was  begun  June  2,  1898,  and  continued  one  week.  The 
subject  was  a  healthy  male  child,  4  months  old.  At  the  beginning 
of  the  study  he  weighed  5.45  kilograms  (12  pounds),  and  during  the 
seven  days  gained  454  grams  (1  pound). 
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The  foods  used  were  cow's  milk  and  oatmeal  water,  the  analysis  of 
the  latter  being  reported  in  the  tables  on  page  12. 

The  details  of  the  study  are  shown  in  the  following  table: 


Table  13. — Percentage  composition  and  weight  of  food  materials  and  amounts  of  nutritive 
ingredients  used  in  dietary  study  No.  273. 


Length  of  period  and  kind 
of  food  material. 

Percentage  composition. 

Food 
material. 

Amounts  of  nutritive 
ingredients. 

Fuel 
value. 

Pro- 
tein. 

Fat. 

Carbo- 
hydrates. 

Pro- 
tein. 

Fat. 

Carbo- 
hydrates. 

For  infant  7  davs: 

Milk  (top)  ."  

Oatmeal  water  

Per  ct. 
3.0 
.9 

Per  ct. 
14.0 
.1 

Per  ct. 
4.0 
4. 5 
100.0 

Grams. 
2,205 
2,205 
335 

Gi'ams. 
66.0 
19.0 

Grams. 
309.0 
2.0 

Grams. 
88.0 
99.0 
335.0 

Calories. 
3,505 
500 
1,375 

•     Total  food  

4,745 

85.0 

311.0 

522.0 

5,380 

'ifantper  day: 
Milk  (top)  

315 
315 
48 

9.5 
2.7 

44.0 
.3 

12.5 
14.0 
48.0 

500 
70 
195 

Sugar  (milk)  

Total  food  

678 

12.2 

44.3 

74.5 

765 

In  calculating  the  results  of  dietary  studies  of  families  it  is  com- 
monly assumed  that  a  child  under  2  years  of  age  consumes  0.3  of 
ihe  amount  required  by  an  adult  man  at  moderate  work,  that  is,  37 
of  protein  and  1,050  calories.  The  data  for  a  child  under  1 
yea:"  of  age  are  not  abundant  and  no  standard  has  been  generally 
accepted. 

The  child  in  this  study  consumed  about  the  same  amount  of  protein 
per  day  as  the  subject  of  dietary  No.  270.  The  energy  of  the  food 
was  about  7 0  per  cent,  while  the  protein  was  only  33  per  cent  of  the 
amount  called  for  by  the  tentative  standard  for  a  child  under  2  years, 
as  given  above. 

SUMMARY  OF  FOOD  CONSUMPTION  OF  INFANTS. 

Statistics  concerning  the  nutrients  in  the  daily  food  consumed  by 
infants  in  health  are  rather  meager.  A  German  physician,  Camerer, 
has  published  the  results  of  an  extended  series  of  observations  on  his 
own  children.  Many  of  these  studies  and  others  made  by  foreign 
investigators  have  been  discussed  in  earlier  bulletins  of  this  Office.1 
Bryant2  recently  reported  two  dietary  studies  of  an  American  infant. 
In  the  following  table  are  summarized  the  data  from  the  dietary  studies 
here  reported,  together  with  the  results  of  some  similar  studies  made 
elsewhere. 

1 U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  21  and  45. 
2  Connecticut  Storrs  Sta.  Rpt.  1896. 
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Table  14. — Nutritive  ingredients  and  energy  in  daily  food  of  children  under  2  years  old. 


Reference 
number,  a 

Age. 

Weight. 

Pro- 
tein. 

Fat. 

Carbo- 
drates. 

Fuel 
value. 

Remarks. 

Months. 

Kilograms. 

LrTCLTUS. 



(jrvams. 

(jrTCLTnS. 

Laloncs. 

PhilH  Nn  1 

V^Il  1IU  11  W.  JL 

1  to  2 

29.  0 

20 

120 

795 

x\.  w ui ixictii  0  ciniu.,  licdiiiiy, 

well  nourished,  appetite  good; 

1CU  \JlX  JJLHUUgC    1 1 1  cl \-l Ul    IH'IK  , 

flour,  and  sugar. 

2  to  3 

4  11 

7  6 

Oo 

505 

The  subject  of  dietary  studies 

"Mr\G  01  C\  ar\r\  071 
IN  Ob.  ZtV  HIK1  Zil, 

2 

3  to  4 

4.95 

9. 7 

30 

59 

560 

3 

3  to  4 

5. 02 

6. 2 

24 

29 

365 

1  ne  suDject  01  Qietary  study  jno. 

272 

6. 60 

8. 5 

25 

61 

515 

The   subject   was   a  healthy, 

breast-nourished  girl. 

2 

4  to  5 

5. 84 

13  0 

40 

66 

700 

3 

4  to  5 

5'  35 

5. 4 

28 

40 

445 

5 

4  to  5 

b.  45 

12. 2 

44 

75 

765 

ine  suDjeci/  01  oietary  siuuy  jno 

273 

g 

4  to  5 

5. 53 

21. 0 

19 

98 

665 

A  vigorous,  active  child,  of  par- 

ents in  comfortable  circum- 

stances.   Because  of  sickness 

Ul    Hit?    HI  Utile  I    Lilt/  CI111U.  Wdo 

weaned  early  and  fed  on  con- 

*  IL  LloL'.l  I'lllH, 

2 

5  to  6 

6. 65 

11  9 

33 

65 

625 

3 

5  to  6 

4. 6 

27 

40 

435 

2 

6  to  7 

7.31 

12. 9 

32 

62 

605 

3 

6  to  7 

g|  g 

23 

46 

440 

2 

7  to  8 

7.51 

14. 4 

33 

34 

505 

3 

7  to  8 

6.  66 

14  0 

23 

51 

480 

2 

8  to  9 

g|  24 

15  1 

30 

56 

570 

3 

8  to  9 

7. 03 

18  2 

22 

61 

530 

7 

8  to  9 

11. 50 

50  0 

59 

62 

1  010 

xne  suDject  was  a  neaitny  ooy. 

The  figures  represent  the  aver- 

age of  nutrients  in  2  digestion 

2 

9  to  10 

0.  ou 

it:  c 
10.  0 

00 

/DO 

3 

9  to  10 

7. 43 

18  5 

17 

64 

505 

2 

10  to  11 

8. 89 

14  7 

38 

<y 

735 

3 

10  to  11 

7. 83 

19  1 

1Q 

iy 

52 

465 

2 

11  to  12 

9  20 

1Q  1 
iy.  1 

QQ 
00 

ol 

715 

2 

12  to  13 

9  38 

LO.  1 

32 

yo 

/OO 

g 

14 

10. 31 

31  0 

21 

126 

840 

A  healthy  girl,  fed  upon  cow's 

Triillr  finH  in  f n  n f  fnnHc 
lllll  Jv  ctllvl  ill  UUlt  lUUUBi 

9 

16 

5. 95 

23  0 

22 

106 

735 

cially  nourished.  At  times  the 

food    consisted    of    tfc  infant 

foods,"  Zwieback  meal,  pepto- 

nized milk,  condensed  milk 

cow's  milk,  and  yolk  of  eggs. 

2 

17  to  18 

10  66 

38. 0 

42 

87 

900 

2 

18  to  19 

10!89 

34!  6 

35 

65 

735 

2 

19  to  20 

11.11 

34.3 

30 

67 

690 

2 

20  to  21 

11.34 

31.4 

30 

53 

625 

2 

21  to  22 

11. 57 

32.3 

29 

58 

640 

12  to  22 

32.3 

33 

71 

730 

Average  of  last  6  periods  of  child 

No.  2. 

(6) 

12  to  24 

28.0 

37 

75 

765 

A  tentative  standard  for  children 

1  to  2  years  of  age. 

a  The  same  reference  number  refers  to  the  same  child  at  different  ages. 
b  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  21,  p.  210. 

1.  Forster,  Ztschr.Biol.,9,1873,p.405. 

2.  See  page  24  of  this  bulletin. 

3.  See  page  29  of  this  bulletin. 

4.  Camerer,  Ztschr.  Biol.,  33, 1896, p.  521. 

5.  See  page  31  of  this  bulletin. 

6.  Forster,  loc.  cit. 

7.  Bryant,  Connecticut  Storrs  Sta.  Rpt.  1896,  p.  181. 

8.  Camerer,  Ztschr.  Biol. ,  9, 1892,  p.  227. 

9.  Camerer,  Ztschr.  Biol.,  33, 1896, p.  521. 

The  fact  most  emphasized  by  the  table  is  that  considerable  more 
study  should  be  made  along  this  line  before  any  definite  conclusions 
can  be  drawn,  especially  concerning  dietaries  of  infants  under  one  year 
of  age.  As  the  protein  column  shows  clearly,  there  can  be  little 
comparison  of  dietaries  of  infants  under  seven  months  old.    The  vari  - 
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ations  in  consumption  by  different  infants  of  the  same  age  are  too  wide 
to  allow  of  an  average  that  would  be  representative.  From  the  sev- 
enth to  the  twelfth  month  there  is  a  little  more  regularity,  although 
the  variations  are  still  considerable.  After  the  first  year  the  consump- 
tion of  nutrients  appears  somewhat  more  uniform. 

DIGESTION  EXPERIMENT  WITH  AN  INFANT  (No.  93). 

When  the  digestibility  of  any  food  is  referred  to,  it  doubtless  most 
often  is  understood  to  mean  the  ease  or  rapidity  with  which  the  food 
is  assimilated,  or  its  effect  upon  the  general  health  and  bodily  comfort. 
These  factors  depend  not  only  upon  the  character  of  the  food,  but  also 
upon  the  peculiarities  of  different  individuals.  They  are  not  uniform 
and  perhaps  can  not  be  accurately  measured.  Thus  it  is  often  seen 
that  food  which  "agrees"  with  one  person  "disagrees"  with  another. 

Another  idea  of  digestibility,  and  the  one  that  is  fundamental  to  such 
experiments  as  the  one  here  reported,  has  to  do  with  the  quantity  of 
nutritive  ingredients  which  can  be  absorbed  from  food  in  its  passage 
through  the  digestive  tract.  Thus  some  foods — for  instance,  milk — 
seem  as  a  rule  to  be  very  completely  digested  by  health}^  persons.  On 
the  other  hand  some  foods,  as  vegetables  and  fruits  containing  crude 
fiber  or  similar  material,  resist  the  action  of  the  digestive  juices  in  the 
alimentary  canal. 

It  is  plain,  then,  that  the  value  of  any  food  depends  not  only  upon 
the  amount  of  nutrients  it  contains,  as  shown  by  chemical  analysis,  but 
also  upon  how  much  of  these  the  body  can  retain  and  utilize.  The  pro- 
portions of  nutrients  which  may  be  digested  from  different  food  mate- 
rials can  be  determined  by  actual  experiments  in  which  the  f  oods  under 
investigation  form  the  whole  or  greater  part  of  the  diet.  In  the  case 
of  animals,  like  the  horse  or  sheep,  such  experiments  are  easily  made; 
but  with  man  it  is  much  more  difficult,  since  the  monotony  of  the  diet 
and  other  necessary  experimental  conditions  may  interfere  with  the 
very  function  under  investigation.  Such  experiments  are,  however, 
frequently  carried  on,  special  efforts  being  made  to  have  the  condition 
as  near  normal  as  possible. 

The  usual  method  followed  in  making  a  digestion  experiment  is  to 
determine  the  difference  between  the  amounts  of  nutritive  ingredients 
taken  into  the  body  in  the  food  and  the  amounts  excreted  in  the  feces. 
The  feces  contain  certain  other  materials  besides  those  which  have 
resisted  the  action  of  the  digestive  juices.  These  are  materials 
involved  in  the  process  of  digestion,  and  are  usually  called  metabolic 
products.  These  products  are  not  available  for  nutrition,  and  there- 
fore it  would  seem  may  without  error  be  included  with  the  undigested 
residue.  In  this  sense  the  term  availability  seems  more  appropriate 
than  digestibility. 

2107— No.  84  3 
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Experiments  on  the  digestibility  of  different  foods  are  frequently 
made  by  artificial  methods.  That  is,  foods  are  treated  with  one  or 
more  digestive  ferments  under  conditions  of  warmth,  etc.,  which 
approximate  body  conditions  more  or  less  closely.  Such  experiments 
are  often  valuable  but  are  less  satisfactory  than  those  made  with  the 
living  subject. 

An  investigation  was  made  of  the  digestibility  or  availability  of 
food  by  the  same  child  whose  food  consumption  was  studied  in  dietary 
No.  272.  The  experiment  was  made  when  the  child  was  one  year 
old,  and  began  on  April  6,  1898,  continuing  eight  days.  The  food 
consumed  was  cow's  milk.  The  amount  of  feces  excreted  each  day 
was  taken  as  the  measure  of  the  indigestible  residue  from  food  con- 
sumed on  the  preceding  day,  as  it  was  not  considered  feasible  to 
administer  charcoal  to  the  infant  for  the  purpose  of  making  definite 
separation  of  feces,  as  is  frequently  done  in  digestion  experiments 
with  men.  The  following  table  shows  the  total  amount  of  food  con- 
sumed in  eight  days  and  its  composition,  and  the  total  composition 
of  the  feces,  and  the  amount  and  percentage  of  the  different  materials 
digested  and  made  available  to  the  body: 


Table  15. — Digestion  experiment  No.  93. 


Weight  of 
material. 

Total 
organic 
matter. 

Protein 
(N.  x  6.25). 

Fat. 

Carbo- 

hy- 
drates. 

Ash. 

Heats  of 
combus- 
tion (esti- 
mated)^ 

Feces  

Estimated  heat  of  combustion  of 

Grams. 
8,190 
1,016 
7,174 

Grams. 
966 
89 
877 

Grams. 
270 
32 
238 

Grams. 
287 
12 
275 

Grams. 
409 
46 

363 

Grams. 
57 
14 

43 

Calories. 
5,841 
474 
5, 367 

208 

&5, 159 

Energy  of  food  oxidized  in  the 
body  

90.8 

88.2 

95. 8  |     88.  8 

75.4 

88.3 

o  These  estimates  are  based  upon  average  results  for  heats  of  combustion  of  one  gram  each  of  casein, 
butter  fat,  and  milk  sugar,  (See  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  21,  pp.  127-128, 
and  Experiment  Station  Record,  Vol.  VI,  pp.  596,  600,  602.)  The  Aralues  used  are  casein  5.85,  butter 
fat  9.22,  and  milk  sugar  3.95  large  calories  per  gram. 

b  Taking  into  account  the  fuel  value  of  the  urine. 


No  extended  comment  can  be  made  upon  the  figures  given,  because, 
up  to  the  present  time,  comparatively  few  data  concerning  the  digesti- 
bility of  milk  by  healthy  infants  are  available.  The  digestibility  of 
cow's  milk  with  and  without  oatmeal  by  a  healthy  infant  in  Connecti- 
cut has  been  reported  by  Bryant.1  A  number  of  experiments  have 
also  been  reported  in  Germany  and  other  countries  on  the  digestibility 
of  different  foods  by  infants.  This  work  is  not  quoted  in  detail,  since 
it  is  believed  the  American  work  is  too  limited  for  extended  discus- 
sion and  comparison.  It  is,  however,  interesting  to  compare  the 
results  of  the  present  experiment  with  those  obtained  by  Bryant,  and 
such  a  comparison  is  made  in  the  table  following. 


1  Connecticut  Storrs  Sta.  Rpt.  1896,  p.  183. 
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Table  16. — Results  of  the  California  digestion  experiment  compared  with  results  of  similar 
experiments  made  in  Connecticut. 


Food. 

Coefficients  of  digestibility. 

Total 
organic 
matter. 

Pro- 
tein. 

Fat. 

Carbo- 
drates. 

Ash. 

Energy. 

Infant  (California)  

Infant  (Connecticut),  first  ex- 
periment. 

Infant  (Connecticut) ,  second 
experiment. 

Milk  

....do  

Milk  and  oatmeal 
gruel. 

Per  ct. 
90.8 
91.5 

95.6 

Per  ct. 
88.2 
93.8 

95.3 

Per  ct. 
95.8 
95.7 

98.4 

Per  ct. 
88.8 
83.3 

93.7 

Per  ct. 
75.4 
51.6 

60.9 

Per  ct. 
a88.3 
686.3 

691.0 

a  Estimated.  5  Determined. 


The  two  experiments  with  milk  as  a  diet  were  similar,  except  that 
the  child  in  Bryant's  investigation  was  only  nine  months  old.  The 
table  shows  that  there  was,  approximately,  the  same  proportion  of 
organic  matter  digested  in  both  cases.  Both  infants  also  digested 
almost  exactly  the  same  percentage  of  fat.  The  California  child 
digested  5  per  cent  less  protein  and  5  per  cent  more  carbohydrates 
than  the  Connecticut  child.  The  most  noticeable  difference  in  the  two 
experiments  is  in  the  case  of  the  mineral  matters,  or  ash.  Of  this,  the 
California  child  digested  nearly  24  per  cent  more  than  the  Connecti- 
cut child.  The  differences  in  the  results  of  these  two  experiments  are 
not  very  great,  and  may  perhaps  be  accounted  for  by  differences  in 
individuality  of  the  subjects.  Because  of  such  individual  peculiarities 
the  variations  in  the  digestion  of  food  by  different  individuals  may  be 
considerable ;  while  similar  variations  might  even  be  found  with  the 
same  individual  at  different  periods.  * 

The  second  Connecticut  experiment  referred  to  in  the  table  was 
made  with  the  same  infant  as  the  first,  but  about  a  month  later.  In 
this  experiment  the  food  consisted  of  milk  and  oatmeal  gruel.  The 
results  indicate  that  the  mixed  food  was  more  completely  digested 
than  was  the  milk  alone.  This  accords  with  the  results  of  experiments 
with  adults.1 

These  digestion  experiments  with  infants  are  of  considerable  interest 
in  themselves,  but  the  data  from  them  are  too  limited  for  general 
deductions.  Much,  more  study  might  profitably  be  carried  on  along 
this  line. 

BALANCE  OF  INCOME  AND  OUTGO  OF  NITROGEN. 

In  connection  with  the  digestion  experiment  (No.  93)  made  with  an 
infant  the  quantity  of  nitrogen  in  both  feces  and  urine  was  deter- 
mined, and  the  balance  of  income  and  outgo  of  nitrogen  was  calcu- 
lated. The  percentage  of  nitrogen  in  the  urine  was  determined  for 
each  day;  but  the  percentage  of  nitrogen  in  the  feces  was  determined 
from  a  composite  of  the  feces  for  the  whole  eight  days,  and  this  per- 
centage was  assumed  to  be  correct  for  each  day.    The  composition  of 


Elaine  Sta.  Rpt.  1898,  p.  179. 
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the  milk  eaten  is  shown  in  Table  15  (p.  34).  The  following  table 
shows  the  total  quantity  of  urine  and  feces  excreted  daily,  and  the 
percentage  and  amount  of  nitrogen  in  each. 

Table  17. — Outgo  of  nitrogen  in  digestion  experiment  No.  93. 


Feces. 

Urine. 

Weight 
of  feces. 

Percent- 
age of 
nitrogen. 

Weight 
nitrogen. 

Weight 
of  urine. 

Percent- 
age of 
nitrogen. 

Weight 
of 

nitrogen. 

Grams. 
12-1 
122 
124 
120 
120 
156 
124 
120 

Per  cent. 
0.5 
.5 
.5 
.  5 
.5 
.  5 
-.5 
.5 

Grams. 
0.62 
.61 
.62 
.63 
.60 
.78 
.62 
.60 

Grams. 
340 
330 
290 
350 
360 
315 
380 
380 

Per  cent. 
0.90 
.89 
.90 
.98 
.85 
.85 
.95 
.87 

Grams. 
3.06 
2.94 
2. 61 
3.43 
3.06 
2.68 
2. 85 
3.31 

1,016 

.5 

5.08 

2,745 

23. 94 

The  following  table  shows  the  balance  of  income  and  outgo  of  nitro- 
gen for  the  eight  days  of  the  experiment: 


Table  18. — Balance  of  income  and  outgo  of  nitrogen  in  digestion  experiment  No.  93. 


1 

Nitrogen. 

Protein 

Food  eaten. 

Day. 

I  In  food. 

gained 

In  feces. 

In  urine. 

Gained. 

(Nx6.25). 

i  Grams. 

Gram. 

Grams. 

Grams. 

Grams. 

1 

5.07 

0. 62 

3. 06 

1.39 

8.  69 

Do  

2 

5. 07 

.61 

2.94 

1.52 

9.50 

3 

5.23 

.62 

2.61 

2.00 

12.50 

1,080  grams  of  milk  

4 

5.  70 

.63 

3.43 

1.65 

10.31 

1,049  grams  of  milk  

5 

5.54 

.60 

3.06 

1.88 

11.  75 

991  grams  oi  milk  

6 

5.23 

.78 

2. 68 

1.77 

11.06 

960  grams  of  milk  

5.07 

.62 

2.85 

1.60 

10.00 

1,193  grams  of  milk..  

8 

6.30 

.60 

3.31 

2.39 

14. 94 

Average  

5.40 

.64 

2.99 

1.77 

11.06 

It  will  be  seen  that  on  each  day  there  was  a  gain  of  nitrogen, 
ranging  from  1.39  to  2.39  grams,  or  from  8.69  to  11.91  grams  protein, 
for  different  days.  A  considerable  number  of  experiments  of  this 
kind  have  been  made  with  infants.  In  several  instances  the  subjects 
were  suffering  from  some  form  of  indigestion.  Much  of  the  earlier 
work  seems  to  have  been  made  by  methods  which  are  less  accurate 
than  those  commonly  followed  at  the  present  time.  The  recent  exper- 
iments with  infants  in  which  the  balance  of  income  and  outgo  of 
nitrogen  were  determined  have  been  summarized  by  Hauser.1  Up  to 
the  present  time  the  author  has  found  no  American  experiments  of 
this  nature  with  infants  except  those  reported  in  this  bulletin,  and  it 
is  believed  that  the  number  is  too  fe  to  warrant  a  comparison  with 
earlier  foreign  work.  In  general  it  may  be  said  that  theoretically  the 
young  organism  needs  to  assimilate  considerable  quantities  of  nutrients 
for  rapid  growth.  The  facts  noted  in  the  above  experiments  are  in 
accord  with  this  opinion. 


1  Ztschr.  Diat.  u.  Physikal  Therap.,  3  (1899),  p.  233. 


APPENDIX. 


The  following  table  gives  the  values  used  in  calculating  the  compo- 
sition of  the  different  food  materials  consumed  in  the  dietary  studies 
reported  in  this  bulletin.  As  explained  on  page  9,  analyses  of  some 
of  the  materials  were  made  as  part  of  the  investigations.  These  are 
indicated  by  an  a  in  the  table  below.  As  the  materials  used  Were 
staple  articles  of  diet,  whose  composition  has  been  found  to  vary  but 
little,  it  was  believed  that  the  composition  of  such  as  were  not  analyzed 
in  connection  with  these  studies  could  be  accurately  estimated  from 
standard  tables  showing  their  average  composition.  The  figures  used 
for  these  materials,  given  in  the  table  below,  are  taken  from  the  orig- 
inal edition  of  Bulletin  28  of  this  Office.  The  numbers  in  parentheses 
following  the  weights  and  cost  of  the  different  food  materials  in  the 
tables  recording  the  statistics  of  the  individual  dietaries,  as  explained 
on  page  15.  refer  to  the  corresponding  numbers  in  the  column  headed 
"Keference  number"  in  the  table  below,  and  indicate  the  values  used 
in,  calculating  the  amount  of  protein,  fat.  and  carbohydrates  in  the 
materials  consumed. 

Table  19. — Percentage  composition  of  food  material  used  in  calculating  the  amounts  of 
nutrients  consumed  in  the  different  dietary  studies. 


Kind  of  food  material. 


Refuse.  Water. 

! 


Pro- 
tein. 


i  Carbo- 
Fat,   I  hy- 
,  drates. 


Ash. 


22.0  I 


ANIMAL  FOOD. 

Beef:  Per  ct 

Beef  juice  a  

Bullion  a  

Calf's  foot  jelly  a  

liver  j 

Bib  roast  a  j 

Scraped  a  ! 

Steak,  porterhouse  a   •   20. 0  j 

Soup  a  

Veal:  I 

Kidnevs  •  

Leg..."   13.8 

Mutton: 

Lamb  chops  a  !  18.0 

Pork: 

Bacon   8. 0 

Sausage    3.9 

Poultry: 

Chicken  !   •  34. 8 

Turkeys,  canned  


Per  ct. 
93.0 


77.6 
69.8 
40.3 


74.7 

50.3 


16.8 
22.2 


48.0 
47.4 


Per  ct. 
4.9 
2.6 
4.3 
21.6 
10.4 
25.8 
16.7 
6.2 

16.6 
15.3 

15.5 

9.2 
26.2 

14.8 
20.7 


Per  ct. 
0.6 


5.4 
26.8 

3.1 
14.7 


Per  ct. 

 6.Y 

17.4 
1.8 


7.4  . 

19.7  . 

24.8  , 

61.8  \. 

40.4  . 

1.1  . 

29.  2 


a  Analyzed  in  the  investigations  reported  in  this  bulletin. 


Per  ct. 
1.5 

.4 

.7 
1.4 

.5 
1.2 

.8 
1.2 


4.2 
7.3 


.8 
2.7 
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Table  10. — Percentage  composition  of  food  material,  etc. — Continued. 


Kind  of  food  material. 


Refuse. 


Water. 


Pro- 
tein. 


Carbo- 

Ash. 

drates. 

Per  ct. 

Per  ct. 

18. 4 

0. 7 

2.0 

3. 6 

2. 0 

2. 0 

5. 3 

.  2 

2. 6 

.8 
.7 

3.2 

4.8 

4.0 

5.0 

.7 

5. 0 

.7 

5. 0 

.7 

4. 5 

.5 

4. 1 

.6 

4. 0 

.  6 

/0. 0 

2. 5 

77.  6 

1. 3 

75. 8 

1. 3 

78. 5 

.  6 

73. 1 

1. 4 

78. 9 

.  4 

io.  Z 

67. 6 

1. 6 

1. 3 

.1 

G7. 9 

1. 6 

74. 0 

1. 6 

79. 0 

.  4 

78. 2 

.3 

76.  6 

.  D 

75.8 

1.6 

74.8 

1.9 

73.  6 

.6 

52. 4 

2. 0 

59. 2 

1. 6 

55. 2 

1.4 

62. 5 

1. 9 

73.  7 

1. 3 

70. 9 

.  6 

100.0 



100.0 

80. 8 

.  2 

70. 0 

90. 0 

24. 6 

.  0 

84.  0 

Q 
.  O 

90. 0 

_  . 
67. 0 

A  1 

4. 1 

14.  6 

1. 6 

57. 3 

q  q 

7  7 

.9 

4. 9 

1. 2 

3.  7 

1. 4 

3. 4 

.  6 

3. 0 

1. 1 

19.  3 

.9 

2. 7 

.  8 

8. 9 

.  6 

5. 2 

.  4 

8.0 

.5 

5.4 

4.6 

20. 7 

.  6 

24.4 

7 

23!  1 

.9 

5.2 

.4 

17.7 

.4 

4.4 

.8 

4.8 

1.4 

7.5 

.1 

11.3 

c4 

animal  food — continued. 

Fish: 

Codfish,  salt  

Crabs,  canned  

Oysters,  canned  a  

Salmon  and  smelt,  canned  . . . 

Sardines,  canned  

Shrimps,  canned  

Eggs  a  

Do  

Butter  a  

Cheese  a  

Milk  a  

Do  

Do  

Cream  

Cream  a  

Do  


Per  ct. 
24.9 


14.2 
5.0 


VEGETABLE  FOOD. 

Cereals: 

Barley  meal,  prepared  a  

Barley,  pearled  

Corn  meal  a  

Farina  a  

Germea  a  

Hominy  

Mellin's  food  a  

Oatmeal  a  

Oatmeal  water  «  

Rolled  oats  

Wheatine  a  

Rice  

Rice  a  

Wheat  flour,  fine  a  ,  

Flour,  Graham  

Flour,  Graham  a  

Flour,  whole  wheat  a  

Bread  a   

Bread,  French  a  

Bread,  whole  wheat  a  

Bread,  toasted  a  

Crackers,  soda  a  

Lady  fingers  a  

Sugars,  starches,  and  oils: 

Sugar,  cane  

Sugar,  milk  

Honey  a  

Sirup  

Corn  starch  

Pudding,  tapioca  a  

Sago  a  

Sago  

Olive  oil  

Vegetables: 

Beans,  Lima,  dried  , 

Beans,  Lima,  canned  

Beans,  white,  dried  a  

Beets  

Cabbage  

Cabbage  sprouts  

Cauliflower  

Celery  

Corn,  canned  

Lettuce  

Onions  

Oyster  plant  b  

Peas,  green  

Pickles  

Potatoes  a  

Do  

Potatoes,  sweet  

Squash  

Succotash  a  , 

Tomatoes,  canned  a  

Turnips,  cooked  in  milk  a   

Fruits: 

Apples  I  25.0 

Bananas  a  .."..!  31.0 


Per  ct. 
40.3 
80.0 
78.1 
56.8 
53.6 
70.8 
65.5 
73.5 
11.0 
25.8 
86.9 
87.2 
87.5 
74.0 
70.0 
70.4 


18.0 
10.8 
12.7 

6.1 
11.1 
11.9 

6.2 
10.4 
98.1 
10.4 
11.4 
12.4 
12.1 
13.6 
12.1 

9.9 
11.7 
39.0 
27.5 
34.0 
23.9 

3.1 
10.4 


Per  ct. 
16.0 
15.8 
12.9 
19.5 
24.0 
25.4 
11.9 
13.4 
1.2 
27.6 
3.3 
3.3 
3.3 
2.5 
3.3 
3.0 


8.0 
9.3 
9.2 
11.0 
12.0 
8.2 
12.4 
13.7 
.5 
13.6 
11.5 
7.8 
9.0 
7.9 
8.5 
11.4 
12.2 
9.8 
11.7 
8.6 
10.9 
12.1 
10.5 


13.8 


20.0 
15.0 
15.0 


18.0 
10.0 
50.0 
50.0 


15.0 


15.0 
50.0 


11.1 

79.5 
12.8 
70.0 
76.8 
75.0 
93.9 
94.4 
75.  7 
77.1 
78.6 
43.3 
39.0 
89.0 
61.8 
72.7 
58.9 
43.3 
76.3 
93.5 


66.2 
56  3 


16.0 
4.0 
23.8 
1.3 
1.8 
4.0 
1.9 
1.4 
2.8 
1.1 
1.5 

.8 
2.2 

.5 
1.8 
2.1 
1.5 

.8 
3,9 
1.1 
1.2 

.4 
1.0 


Per  ct. 
0.4 
1.5 
3.4 
7.5 
12.1 
1.0 
11.0 
12.4 
84.6 
37.8 
4.1 
3.8 
3.5 
18.5 
22.0 
22.0 


1.5 
1.0 
1.0 
3.8 
2.4 


3.7 
6.7 


6.5 
1.5 
.4 
.4 
1.4 
2.0 
2.0 
1.9 


9.8 
7.6 


2.  2 
.6 


100.0 


.1 

1.3 


a  Analyzed  in  the  investigations  reported  in  this  bulletin. 
b  Composition  assumed. 
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Table  19. — Percentage  composition  of  food  material,  etc. — Continued. 


Refer- 
ence 
No. 

Kind  of  food  material. 

Refuse. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 
hy- 
drates. 

Ash. 

\  EJKJ  Ei  I  A.SS  MjXU    fUU  Ls       K.  \J  ill  LLJ.  UCU, 

x  ruits — Continued.. 

p  •  / 

Per  ct. 

Per  ct. 

Per  ct. 

P(.T  Ct. 

Per  ct. 

O/ 

88  9 

0. 9 
6. 3 

2. 1 

7. 5 

0. 6 

88 

3.  5 

57. 4 

31. 5 

1.  3 

89 
90 

88.  5 
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Malted  milk  a  
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a  Analyzed  in  the  investigations  reported  in  this  bulletin. 

b  This  includes  5.1  per  cent  carbohydrates  and  7.3  per  cent  alcohol  calculated  as  isodynamic  with 
12.4  per  cent  carbohydrates. 
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